This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

. BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS " 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (USPTO) 



PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent ClassificaUoh : 

A61K 31/505, A61P 3/10, C07D 241/44, 
498/04, 401/14, 239/42, 451/02, 451/14, 
471/04, 491/10, 487/08, 409/12, 405/12, 
491/04, 401/04, 417/12, 409/14, 487/04, 
513/10, 417/14 // (C07D 498/04, 213:00, 
263:00) (C07D 471/04, 221:00, 231:00) 
(C07D 491/10, 221:00, 311:00) (C07D 
471/04, 221:00, 239:00) (C07D 487/08, 
209:00, 209:00) (C07D 491/04, 221:00, 
307:00), 487:04) (C07D 241/00, 251:00) 



Al 



(11) International Publication Number: WO 00/59510 

(43) International Publication Date: 12 October 2000 (12.10.00) 



(21) International Application Number: PCT/IBOO/00296 

(22) International Filing Date: 16 March 2000 (16.03.00) 



(30) Priority Data: 
60/127.437 



1 April 1999 (01.04.99) 



US 



(71) Applicant (for all designated States except US): PFIZER 

PRODUCTS INC. [US/US]; Eastern Point Road. Groton. 
Cr 06340 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CHU-MOYER. Margaret, 
Yuhua [US/US]; Pfizer Inc., Central Research Division, 
Eastern Point Road, Groton, CT 06340 (US). MURRY, 
Jerry, Anthony [US/US]; Pfizer Inc., Central Research Di- 
vision, Eastern Point Road, Groton, CT 06340 (US). MY- 
LARI, Banavara, Lakshman [US/US]; Pfizer Inc., Central 



Research Division, Eastern Point Road, Groton. CT 06340 
(US). ZEMBROWSKI. William. James [US/US]; Pfizer 
Inc., Central Research Division. Eastern Point Road, Gro- 
ton. CT 06340 (US). 

(74) Agents: SPIEGEL, Allen, J. et al.; Simpson, Alison, 
Urquhart-Dykes & Lord, 91 Wimpole Street, London WIM 
8AH (GB). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG. 
BR. BY, CA, CH. CN, CR, CU. CZ, DE. DK. DM. DZ. EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP. 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV. MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG. 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI. FR, GB. GR, IE. IT, LU. 
MC. NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI. CM, 
GA. GN. GW. ML. MR. NE, SN. TD, TG). 



Published 

With international search report. 



(54) Title: AMINOPYRIMIDINES AS SORBITOL DEHYDROGENASE INHIBITORS 



(I) 




(57) Abstract 

This invention is directed to sorbitol dehydrogenase inhibitory compounds of formula (I), wherein R^ R^ and R^ are as defined 
in the specification. This invention is also directed to pharmaceutical compositions containing those compounds and methods of 
treating or preventing diabetic complications, particularly diabetic neuropathy, diabetic nephropathy, diabetic microangiopathy, diabetic 
macroangiopathy and diabetic cardiomyopathy by administering such compounds to a mammal suffering from diabetes and therefor at risk 
for developing such complications. This invention is also directed to pharmaceutical compositions comprising a combination of a compound 
of fonmula (I) of this invention with an aldose reductase inhibitor and to methods of treating or preventing diabetic complications therewith. 
Hiis invention is also directed to pharmaceutical compositions comprising a combination of a compound of formula (I) of this invention 
with an NHB-1 inhibitor and to methods of treating cardiomyopathy and other heart-related problems therewith. This invention is also 
directed to certain intermediates used in the synthesis of the compounds of formula (I) and to processes for preparing those intermediates. 



FOR THE PURPOSES OF INFORMATION ONLY 



Cades used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


£S 


AM 


Armenia 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Faso 


GR 


BG 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


KE 


CH 


Switzerland 


KG 


CI 


C6te d'lvoire 


KP 


CM 


Cameroon 




CN 


China 


KR 


CU 


Cuba 


KZ 


CZ 


Czech Republic 


LC 


DE 


Germany 


LI 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Hnland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 



Kenya 
Kyrgyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazakstan 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


SZ 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


UZ 


Uzbekistan 


NE 


Niger 


VN 


Vict Nam 


NL 


Netheriands 


YU 


Yugoslavia 


NO 


Norway 


ZW 


• Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







wo 00/59510 



PCT/IBOO/00296 



AMINOPYRIMIDINES AS SORBITOL DEHYDROGENASE INHIBITORS 



The present invention relates to novel pyrimidine derivatives and to the use of 
5 such derivatives and related connpounds to inhibit sorbitol dehydrogenase (SDH), 
lower fructose levels, or treat or prevent diabetic complications such as diabetic 
neuropathy, diabetic retinopathy, diabetic nephropathy, diabetic cardiomyopathy, 
diabetic microangiopathy and diabetic macroangtopathy in mammals. This invention 
also relates to pharmaceutical compositions containing such pyrimidine derivatives 

10 and related compounds. This invention also relates to pharmaceutical compositions 
comprising a combination of a sorbitol dehydrogenase inhibitor of formula I and an 
aldose reductase inhibitor and to the use of such compositions to treat or prevent 
diabetic complications in mammals. This invention also relates to pharmaceutical 
compositions comprising a combination of a sorbitol dehydrogenase inhibitor of 

15 formula I and an NHE-1 inhibitor and to the use of such compositions to reduce tissue 
damage resulting from ischemia, and particulariy to prevent perioperative myocardial 
ischemic injury. 

S. Ao et al.. Metabolism . 40, 77-87 (1991 ) have shown that significant 
functional improvement in the nerves of diabetic rats (based on nerve conduction 

20 velocity) occurs when nerve fructose levels are phanmacologically lowered, and that 
such improvement con^elates more closely with the lowering of nerve fructose than the 
lowering of nerve sorbitol. Similar results were reported by N. E. Cameron and M. A. 
Cotter, Diabetic Medicine . 8, Suppl. 1, 35A-36A (1991). In both of these cases, 
lowering of nerve fructose was achieved using relatively high does of aldose 

25 reductase inhibitors, which inhibit the fomnation of sorbitol, a precursor of fructose, 
from glucose via the enzyme aldose reductase. 

U.S. Patent Nos. 5,138,058 and 5,215,990, which are hereby incorporated by 
reference, each disclose compounds of the fomiula 



N 
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where R\ R^ R^ R"^ and R^ are as disclosed therein. Said compounds are disclosed 
as having utility as tools in screening for aldose reductase inhibitors due to the sorbitol 
accumulating activity of said compounds. 

Commonly assigned U.S. Patent Nos. 5728,704 and 5,866,578, which are 
hereby incorporated by reference, each disclose compounds of the formula A, 




LA., 



I 

A 

wherein R^ through R^ are defined as disclosed therein. Further, U.S. 5,728,704 
discloses that sorbitol dehydrogenase compounds have utility in the treatment of 
1 0 diabetic complications. 

Pyrimidine derivatives of the formula I. as defined below, and their 
phamiaceutically acceptable salts, lower fmctose levels in the tissues of mammals 
affected by diabetes (e.g.. nerve, kidney and retina tissue) and are useful in the 
treatment and prevention of the diabetic complications refen^ed to above. These 
1 5 compounds, or their metabolites in vivo, are inhibitors of the enzyme sorbitol 
dehydrogenase, which catalyzes the oxidation of sorbitol to fructose. 

SUMMARY OF THE INVENTION 
The present invention is directed to a compound of the formula I 



N 



LA.. 



N 

f 

20 ' 

a prodrug thereof or a pharmaceutically acceptable salt of said compound or said 

prodmg, wherein: 

is formyl. acetyl, propionyl, carbamoyl or -C(OH)R*R'; 
R* and R' are each independently hydrogen, methyl, ethyl or hydroxy-(CrC3)alkyl; 
25 R^ is hydrogen, (C,-C«)alkyl or (CrC4)alkoxy; 
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wherein said radical of formula R*" is additionally substituted on the ring by R\ R' and 

said radical of formula R'" is additionally substituted on the ring by R". R^' and R"; 

5 G, G' and G^ are taken separately and are each hydrogen and R* is hydrogen. (C,- 
C4)alkyl. (CrC4)alkoxycarbonyl. (C,-C4)alkoxy.(CrC4)alkyl. hydroxy-(CrC4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl or (CrC4)alkoxy. wherein said 
(C,-C4)alkyl in the definition of R^ and said (C,-C4)alkoxy in the definition of R«are 

1 0 optionally and independently substituted with up to five fluoro; R^ and R« are each 
independently hydrogen or (C,-C4)alkyl; or 

G and G' are taken together and are (C,-C3)alkylene and R^ R^ R' and are 
hydrogen; or 

G' and G* are taken together and are (CrC3)alkylene and R*. R'. R' and G are 
15 hydrogen; 
qisOorl; 

X Is a covalent bond. -(C=NR")-. oxycarbonyl. vinylenylcarbonyl, oxy(C,- 
C4)alkylenylcafbonyl, (C,-C4)alkylenylcarbonyl. (C3-C4)alkenylcarbonyl. thio(C,- 
C4)alkylenylcarbonyl. vinylenylsulfonyl. sulfinyl-(CrC4)alkylenylcarbonyl, sulfonyl-(C,- 

20 C4)alkylenylcarbonyl or carbonyl(Co-C4)alkylenylcarbonyl; wherein said oxy(C,- 
C4)alkylenylcarbonyl. (C,-C4)alkylenylcarbonyl. (C3-C4)alkenylcarbonyl and thio(C,- 
C4)alkylenylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (CrC4)alkyl. benzyl or Ar; said vinylenylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 

25 or two vinylenyl carbons with (C,-C4)alkyl, benzyl or Ar; and said carbonyl(Co- 

C4)aIkylenylcarbonyl in the definition of X is optionally substituted indepedently with up 
to three (CrC4)alkyl. benzyl or Ar. 
R" is hydrogen or (C,-C4)alkyl; 

R» is (C,-C7)cycloalkyl. Ar'-(Co-Cj)alkylenyl or (CrC6)alkyl optionally substituted with 
30 up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 
(CrC4)alkylenylcarbonyl, then R* is not (C,-C6)alkyl; 

Ar and Ar' ere independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatoms selected 
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independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two 
fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
5 of three fused independently partially saturated, fully saturated or fully unsaturated five 
to seven membered rings, taken independently, optionally having up to four 
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or 
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or 
1 0 two oxo groups substituted on sulfur. 

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring 
if the rnoiety is monocyclic on one or both rings if the moiety is bicyclic. or on one. two 
or three rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R", R«. R" and R"; wherein R'\ R'^ R" and R'^ are 
1 5 each taken separately and are each independently halo, fomiyl. (C,- 

C8)alkoxycarbonyl.(CrC6)alkylenyloxycartJonyl. (CrC4)alkoxy-(CrC4)alkyl. 
C(OH)R"R''. naphthyl, phenyl, imidazolyl. pyridyl. triazolyl. morpholinyl. (Co- 
C4)alkylsulfamoyl. N-(Co-C4)alkylcarbamoyl, N.N-di-(CrC4)alkylcarbamoyl. N- 
phenylcarbamoyl. N-(C,-C4)alkyl-N-phenylcarbamoyl, N.N-diphenyl carbamoyl. (C,- 
20 C4)alkylcart3onylamido, (C3-C7)cycloalkylcarbonylamido, phenylcart>onylamido. 

piperidinyl. pyn-olidinyl. piperazinyl, cyano, benzimidazolyl, amino, aniline, pyrimidyl, 
oxazolyl. isoxazolyl, tetrazolyl. thienyl, thiazolyl, benzothiazolyl, pynrolyl. pyrazolyl. 
tetrahydroquinolyl, tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy. 
pyridylsulfanyl. furanyl, 8-(C,-C4)alkyl-3,8-diaza[3.2.1lbicyclooctyl. 3.5-dioxo-1,2.4- 
25 triazinyl. phenoxy. thiophenoxy, (C,-C4)alkylsulfanyl. (C,-C4)alkylsulfonyr. (C3- 

C7)cycloalkyl. (C,-C4)alkyl optionally substituted with up to five fluoro or (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said naphthyl. phenyl, pyridyl. piperidinyl. 
benzimidazolyl, pyrimidyl. thienyl, benzothiazolyl. pyn-olyl. tetrahydroquinolyl, 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy, pyridylsulfanyl, furanyl. 
30 thiophenoxy. anilino and phenoxy in the definition of R^\ R". R" and R" are 
optionally substituted with up to three substituents independently selected from 
hydroxy, halo, hydroxy-(CrC4)alkyl, (C,-C4)alkoxy-(C,-C4)alkyl. {C,-C,}aV^\ optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
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fluoro; said imidazolyl. oxazolyl. isoxazolyl. thiazolyl and pyrazolyl in the definition of 
R". and R'*are optionally substituted with up to two substituents 

independently selected from hydroxy, halo, hydroxy-(CrC4)alkyl. (Ci-C4)alkoxy-(C,- 
C4)alkyl, (C,-C4)a!kyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 

5 optionally substituted with up to five fluoro; said morpholinyl in the definition of R". 
R'^, R" and R"is optionally substituted with up to two substituents independently 
selected from (CrC4)alkyl; said pyrrolidinyl in the definition of R'\ R'^ R" and R'*is 
optionally substituted with up to two substituents independently selected from hydroxy. 
hydroxy-(C,-C3)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally substituted 

1 0 with up to five fluoro and (CrC4)alkoxy optionally substituted vnth up to five fluoro; said 
piperazinyl in the definition of R", R". R" and R'* is optionally substituted with up to 
three substituents independently selected from (C,-C4)alkoxy-(CrC4)alkyl. hydroxy- 
(CrC3)alkyl. phenyl, pyridyl. (Co-C4)alkylsulfamoyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (Ci-C4)alkoxy optionally substituted with up to five fluoro; said 

1 5 triazolyl in the definition of R". R". R" and R" is optionally substituted with hydroxy, 
halo. hydroxy.(CrC4)alkyl. (C,-C4)alkoxy.(CrC4)alkyl. (CrC4)alkyl optionally 
substituted witii up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said tetrazolyl in the definition of R". R". R" and R'' is optionally substituted 
with hydroxy-(C2-C3)aIkyl or (C,-C4)alkyl optionally substituted with up to five fluoro; 

20 and said phenyl and pyridyl which are optionally substituted on piperazine in tiie 
definition of R'\ R", R" and R"are optionally substituted with up to three hydroxy, 
halo, hydroxy-(C,-C4)alkyl. (CrC4)alkoxy-(CrC4)alkyl, (C,-C4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; or 

25 R" and R" are taken together on adjacent carbon atoms and are 

-CH20C(CH3)jOCH2- or -0-(CH2)p-0-. and R" and R" are taken separately and are 
each independently hydrogen or (Ci-C4)alkyl; 
pis 1.2 or 3; 

R" and R^® are taken separately and are each independently hydrogen. (C,-C4)alkyl 
30 optionally substituted witii up to five fluoro; or R^* and R'® are taken separately and R" 
is hydrogen and R^' is (C3-C6)cycloalkyl, hydroxy-(C,-C3)alkyl, phenyl, pyridyl. 
pyrimidyl. thienyl. furanyl, thiazolyl, oxazolyl. imidazolyl. benzothiazolyl or 
benzoxazolyl; or R'^ and R'* are taken together and are (C3-C,)alkylene; 
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G'. G* and G* are taken separately and are each hydrogen: r is 0; is hydrogen, 
(CrC4)alkyl. (CrC4)alkoxycarbonyl. (C,-COalkoxy-(C,-CJalkyl, hydroxy.(C,-C,)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C-CJalkyl. (C,-C4)alkoxy-(C,-C4)alkyl, (C,-C4)alkyl or (C-CJalkoxy, wherein said 
5 (C,-C4)alkyl in the definition of and said (C,-C4)alkoxy in the definition of R« are 
optionally and independently substituted with up to five fluoro; and R" and R" are 
each independently (CrC4)alkyl; or 

G', G^ and G* are taken separately and are each hydrogen; r is 1; R'* is hydrogen, 
(C,-C4)alkyl, (C,-C4)alko>cycarbonyl, (C,-C4)aikoxy-(C,-C4)alkyl. hydroxy-(C,-C4)alkyl or 

1 0 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl, (C,-C4)aIkoxy-(C,-C4)alkyl. (CrC4)alkyl or (CrC4)alkoxy. wherein said 
(C,-C4)alkyl in the definition of R* and said (C,-C4)alkoxy in the definition of R^are 
optionally and independently substituted with up to five fluoro; and R" and R^ are 
each independently hydrogen or (C,-C4)alkyl; or 

1 5 G' and G' are taken togettier and are (C,-C3)alkyiene; r is 0 or 1 ; and R". R", R'" and 
G* are hydrogen; or 

G* and G' are taken together and are.(C,-C3)alkylene; r is 0 or 1 ; and R". R", R" and 
G^ are hydrogen; 

' R" is SOzNR^'R^. CONR^'R^, (e,-C6)alkoxycarbonyl, (CrC6)alkylearbonyl. Ar=- 
20 carbonyl, (C,-C6)alkyisulfonyl, (C,-C6)alkylsulfinyl. Ar^-sulfonyl, Ar^-sufinyl and (C,- 
C6)alkyl; 

R^' and R^ are taken separately and are each independently selected from hydrogen, 

(C,-C6)alkyl, (C3-C7)cydoalkyl and Ar^-(Co-C4)aIkylenyl; or 

R*' and R^ are taken together with the nitrogen atom to which they are attached to 

25 fomn azetidinyl. pyn-olidinyl, piperidinyl, piperazinyl, morpholinyl. azepinyl. 
azabicyclo[3.2.2]nonanyl, a2abicyclo[2.2.1]heptyl. 6,7-dihydro-5H- 
dibenzo[c.e]azepinyl. 1.2.3,4-tetrahydro-isoquinolyl or 5.6,7,8-tetrahydropyrido[4,3- 
d]pyrimidyl; said azetidinyl in the definition of R^' and R^ is optionally substituted 
independently with one substituent selected from hydroxy, amino, hydroxy-(C,- 

30 C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyi. 
piperidinyl; azepinyl in the definition of R*' and R** are optionally substituted 
independently with up to two substituents independently selected from hydroxy. 
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amino. hydroxy-(C,-C4)alkyl. {C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said morpholinyl in the definition of R^' and R*^ is optionally substituted with up 
to two substituents independently selected from hydroxy-(CrC4)alkyl, (C,-C4)altoxy- 
5 (C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R*' and 
R22 Is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl. pyrimidyl. (C,-C4)alkoxycarbonyl and (C,-C4)alkyl 
optionally substituted with up to five fluoro; said 1 .2,3,4-tetrahydro-isoquinolyl and said 

1 0 5,6,7.8-tetrahydropyrido[4,3-d]pyrimidyl in the definition of R*' and R^ are optionally 
substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(C,-C4)alkyl, (C,-C4)alkoxy-(C,-C4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted 
with up to five fluoro; and said 6.7-dihydro-5H-dibenzo[c.e]a2epinyl in the" definition of 

1 5 and R^ is optionally substituted with up to four substituents independently 

selected from hydroxy, amino, halo, hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. 
(C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy optionally 
substituted with up to five fluoro: said pyrimidyl, pyridyl and phenyl which are 
optionally substituted on said piperazine in the definition of R*' and is optionally 

20 substituted with up to three substituents selected from hydroxy, amino, hydroxy-(C,- 
C4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro: 
Ai^ is independently defined as set forth for Ar and Ar' above; 
said Ar^ is optionally independently substituted as set forth for Ar and Ar' above; 

25 R° is CONR^R* or SOzR^R*. wherein R» is hydrogen (CrC4)alkyl or Ar'-(Co- 

C4)alkylenyl and R* is Ar^-(Co-C4)alkylenyl; provided that when Ar" is phenyl, naphthyl 
or biphenyl, then R" cannot be CONR^R* where R^ is hydrogen or Ar* and R» is 
Ar^: 

R« is hydrogen, (C,-C4)alkyl. (CrC4)alkoxycarbonyi. (C,-C4)alkoxy-(C,-C4)alkyl, 
30 hydroxy-(C,-C4)alkyl or phenyl optionally independently substituted with up to three 
hydroxy, halo, hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (Ci-C4)alkyl or (C,- 
C4)alkoxy, wherein said (CrC4)alkyl in the definition of R" and said (C,-C4)alkoxy in 
the definition of R'are'optionally and independently substituted with up to five fluoro; 
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is independently defined as set forth for Ar and Ar' above; 
said Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; 

is hydrogen or (Ci-C4)alkyl; 
R» and R» are each independently hydrogen, hydroxy, halo. hydroxy.(C,-C4)alkyl. 
5 (C,-C4)alkoxy-(CrC,)alkyl. (C-COalkyi optionally substituted with up to five fluoro. (C,- 
C )alkoxy optionally substituted with up to five fluoro. phenyl, pyridyl, pyrimidyl, thienyl. 
furanyl. thiazolyl, oxazolyl. phenoxy. thiophenoxy, SO^R»R^ CONR-R- or NR-R-; 
said thienyl, pyrimidyl. furanyl, thiazolyl and oxazolyl in the definition of R" and R» are 
optionally substituted by up to two hydroxy, halo. hydrDxy-(CrC,)alkyl. (C,-C,)alkoxy- 
1 0 (CrC4)alkyl. ![C,-C4)alkyl optionally substituted with up to five fluoro or {C,-C4)alkoxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl. phenoxy and 
thiophenoxy in the definition of R" and R» are optionally substituted by up to three 
hydroxy, halo. hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 
15 fluoro; 

R" and R'' are each independently hydrogen, (C,-C4)alkyl, (C,-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
{C,-C4)alkyl, (C,-C4)alkoxy-{CrC4)alkyl, (CrC4)alkyl optionally substituted with up to 
five fluoro or (C;-C4)alkoxy optionally substituted vwth up to five fluoro; or 
20 R* and R'' are taken together with the nitrogen to which they are attached to forni 
indolinyl, pyrrolidinyl. piperidinyi. piperazinyi or morpholinyl; said pyrroiidinyi and 
piperidinyl in the definition of R^ and R'^ are optionally substituted with up to two 
hydroxy, amino, hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
25 up to five fluoro; said indolinyl and piperazinyi in the definition of R*" and R'^ are 
optionally substituted with up to three hydroxy, amino, hydroxy-(CrC4)alkyl. (C,- 
C4)alkoxy-(CrC4)alkyl. (CrC4)alkoxycarbonyl. (C,-C4)alkyl optionally substituted with 
up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; said 
morpholinyl in the definition of R^ and R'' is optionally substituted with up to two 
30 substituents independently selected from hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(Cr 
C4)alkyl, (CrC4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally Substituted with up to five fluoro; 

A is N optionally substituted with hydrogen or (C,-C4)alkyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-C4)alkyl: 
R« is hydrogen or (CrC4)all<yl; 

R» is phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl, benzyl, quinolyl. isoquinolyl. 
phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl, benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 

phthalizinyl. quinoxanlyl, benzothiazoyl. benzoxazolyl. benzofuranyl and benzothienyl 
in the definition of R'^ are optionally substituted with up to three phenyl, phenoxy. 
NR^R". halo, hydroxy. hydroxy-(CrC4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl 
optionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with 

10 up to five flubro: 

R^ and R** are each independently hydrogen, (C,-C4 alkyl). phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R'* and R" are optionally 
substituted with up to three halo, hydroxy, (C,-C4)alkyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; 

15 D is CO. CHOH or CHj; 
EisO.NHorS; 

R* and R^' are taken separately and are each independently hydrogen, halo, cyano. 
hydroxy, amino. (C,-Ce)alkylamino, di-(C,-C6)alkylamino, pyn-olidino, piperidino, 
morpholino. (CrC4)alkoxy-(CrC4)alkyl. hydroxy-(CrC4)alkyl. Ar*. (C,-C4)alkyl 
20 optionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with 
up to five fluoro; 

R**. R^' and R*° are each independently hydrogen or (C,-C4)-alkyl; 

Ar* is phenyl, furanyl. thienyl. pyridyl. pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being 

optionally substituted with up to three hydroxy, (C,-C4)alkoxy-{C,-C4)alkyl, halo, 
25 hydroxy-{C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro or (C,- 

C4)alkoxy optionally substituted with up to five fluoro; or 

R^ and R'^ are taken together on adjacent cariaon atoms and are -0-(CH2)rO-; 

tis1.2or3; 

Y is (C2-C6)alkylene; 
30 R", R*' and R^ are each independently hydrogen or (Ci-C4)alkyl; 

m and n are each independently 1 , 2 or 3, provided that the sum of m and n is 2. 3 or 

4; 

kis0,1.2.3or4; 
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Y' is a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 
R^^ is (C3-C7)cycloalkyl. Ar*-{Co-C4)alkylenyl. NR'^R'* or (CrC6)alkyl optionally 
substituted with one to five fluoro; provided that when is a covalent bond or 
oxycarbonyl. then R^=^ is not NR^^R^; 
5 R^^ and R^ are taken separately and are each independently selected from hydrogen, 
Ar*. (CrC6)alkyl and Ar^-(Co-C4)alkylenyl; or 

R^^ and R^® are taken together with the nitrogen atom to which they are attached to 
fomi azetidinyl, pyn^olidinyl. piperidinyl, piperazinyl, morphollnyl, azepinyl. 
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl, 1,2.3.4-tetrahydroisoquinolyl. 6.7- 

1 0 dihydro-5H-dibenzo[c,e]azepinyl or 5.6,7.84etrahydropyrido[4,3-d]pyrimidyl; said 
azetidinyl in the definition of R^^ and R^ are optionally substituted with one hydroxy, 
amino. hydroxy-(Ci-C4)alkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said pyrrolidinyl, piperidinyl and azepinyl in the definition of R*^ and R^ are 

15 optionally substituted with up to two hydroxy, amino, hydroxy-(Ci-C4)alkyl, (Cr 

C4)alkoxy-(CrC4)alkyl, (Ci-C4)alkyl optionally substituted with up to five fluoro or (Ct- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R^^ and is optionally substituted with up to two substituents independently 
selected from hydroxy-(C,-C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (Ct-C4)alkyl optionally 

20 substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl. 1.2,3.4-tetrahydroisoquinolyl and 5.6,7,8-tetrahydro[4.3- 
d]pyrimidyl in the definition of R^^ and R^® are optionally substituted with up to three 
hydroxy, amino, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl 
optionally substituted with up to five fluoro or (Ci-C4)alkoxy optionally substituted with 

25 up to five fluoro; and said 6.7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R*^ 
and R** are optionally substituted with up to four hydroxy, amino, halo. hydroxy-(Ci- 
C4)alkyl, (CrC4)alkoxy-{CrC4)alkyl, (CrC4)alkyl optionally substituted with up to five 
fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; 
Ar* is independently defined as set forth for Ar and Ar^ above; 

30 Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; 

R*^ and R^^ are independently hydrogen, (C3-C7)cycloalkyl. Ar*-(Co-C3)alkylenyl. Ar*- 
(C2-C4)alkenyl. Ar®-carbonyl or (Ct-C6)alkyl optionally substituted with up to five fluoro; 
Ar^ is independently defined as set forth for Ar and Ar^ above; 
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Ar* is optionally independently substituted as set forth for Ar and Ar' above; and 



R*^ and R*^"* are each independently hydrogen or (C,-C4)alkyl. 

A preferred group of compounds of formula I. designated Group A, are those 
compounds of formula I. prodrugs thereof and pharmaceutically 
5 acceptable salts of said compounds or said prodrugs, wherein: 



substituted by R'\ R'' or R^"; 

G^ G' and G^ are taken separately and are each hydrogen, r is 0 and R^® is hydrogen, 
1 0 {CrC4)alkyl, (CrC4)alkoxycarbonyl or phenyl optionally substituted by up to three 

hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro or {CrC4)alkoxy optionally substituted with up to five 
fluoro; R'® and R" are each independently (Ci«C4)alkyl; 
G^ G^ and G® are taken separately and are each hydrogen; r is 1 ; and R" Is 
1 5 hydrogen. (CrC4)alkyl, (CrC4)alkoxycarbonyl or phenyl optionally substituted by up to 
three hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; R'* and R^ are each independently hydrogen or (CrC4)alkyl; or 
G^ and G* are taken together and are (CrC3)alkylene; r is 0 or 1 ; and R'*. R''. R^ and 
20 G* are hydrogen; or 

G' and G* are taken together and are (CrC3)alkylene; r is 0 or 1 ; and R'*. R'^ R" and 
G^ are hydrogen; 

R^' is SOjNR^'R^^, C0NR2^R=, (CrC6)alkoxycarbonyl. (CrC6)alkylcarbonyl, Ar^- 
carbonyl, (CrC6)alkylsulfonyl, (CrC6)alkylsulfinyl. Ar^-suifonyl, Ar^-sufinyl and (C,- 
25 Cfl)alkyl; 

R^^ and R^ are taken separately and are each independently selected from hydrogen, 
(CrCfl)alkyl. (C3-C7)cydoalkyl and Ar2-(Co-C4)alkylenyl; or 



IS 




.17 
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R^' and are taken together with the nitrogen atom to which they are attached to 
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl. azepinyl, 
a2abicyclo[3.2.2]nonanyl. azabicyclo[2.2. IJheptyl, 6.7-dihydro-5H- 
dlben20[c,e]a2epinyl, 1,2,3,4-tetrahydro-isoquinolyl or 5,6,7.8-tetrahydropyrido[4.3- 
5 d]pyrimidyl; said azetidinyl in the definition of R^' and R^ is optionally substituted 
independently with one substituent selected from hydroxy, amino, hydroxy-(C,- 
C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C,)alkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said pyn-olidinyl, 
piperidinyl, morpholinyl, azepinyl in the definition of R^^ and R^ are optionally 

1 0 substituted independently with up to two substituents independently selected from 
hydroxy, amino, hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl, {C,-C4)alkyl 
optionally substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted 
with up to five fluoro; said morpholinyl in the definition of R^' and R^^ is optionally 
substituted with up to two substituents independently selected from hydroxy-{Ci- 

15 C4)alkyl. (Ci-C4)alkoxy-(C,-C4)alkyi, (C,-C4)alkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said piperazinyl in 
the definition of R^' and R^ is optionally substituted independently with up to three 
substituents independently selected from phenyl, pyridyl, pyrimidyl, (C,- 
C4)alkoxycarbonyl and (C,-C4)alkyl optionally substituted with up to five fluoro; said 

20 1 ^,3,4-tetrahydro-isoquinolyl and said 5.6,7.8-tetrahydropyrido[4,3-d]pyrimidyl in the 
definition of R^' and R° are optionally substituted independently with up to three 
substituents independently selected from hydroxy, amino, halo. hydroxy-(Ci-C4)alkyl, 
(C,-C4)alkoxy-(C,-C4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro and 
(C,-C4)alkoxy optionally substituted with up to five fluoro; said pyrimidyl, pyridyl and 

25 phenyl which are optionally substituted on said piperazine in the definition of R^' and 
R^ is optionally substituted with up to three substituents selected from hydroxy, 
amino. hydroxy-(C,-C4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro and (Ci-C4)alkoxy optionally substituted with up to five 
fluoro; and said 6,7-dihydro-5H-dibenzoIc,e]azepinyl in the definition of R*^ and R^ is 

30 optionally substituted with up to four substituents independently selected fi-om 

hydroxy, amino, halo. hydroxy-(C,-C4)aIkyl. (C,-C4)alkoxy-(CrC4)alkyl, (C,-C4)alkyl 
optionally Substituted wrfth up to five fluoro and (C,-C4)alkoxy optionally substituted 
witli up to five fluoro. 
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Another preferred group of compounds of formula I. designated Group B, are 
those compounds of formula I, prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
is 




is CONR^R*. SOjR^^R^. wherein R^* is hydrogen (CrC4)alkyl or Ar^-(Co- 
C4)alkylenyl and R^ is Ar^-(Co-C4)allcylenyl; provided that when Ar^ is phenyl, naphthyl 
or biphenyl. then R^ cannot be CONR^^R^ where R^ is hydrogen or Ar^ and R^ is 
Ar^: 

10 R^^ is hydrogen, (C,-C4)alkyl, (CrC4)alkoxycarbonyl or phenyl optionally substituted by 
up to three (CrC4)alkyl optionally substituted with up to five fluoro. (Ct-C4)alkoxy 
optionally substituted with up to five fluoro, hydroxy, halo or hydroxy-(Ct-C3)atkyl. 

Another preferred group of compounds of formula I, designated Group C, are 
those compounds of formula I. prodrugs thereof and phamnaceutically 

1 5 acceptable salts of said compounds or said prodrugs, wherein: 
R'is 




R^' is hydrogen or (CrC4)alkyi; 

R^ and R® are each independently hydrogen, hydroxy, halo. hydroxy-(C,-C4)alkyl, 
20 (C,-C4)alkoxy-(Ci-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro, (C,- 
C4)alkoxy optionally substituted with up to five fluoro, phenyl, pyridyl, pyrimidyl, thienyl. 
furanyl, thiazolyl. oxazolyi. phenoxy. thiophenoxy, S02NR^R'\ CONR^R"' or NR^R^^ 
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10 



said thienyl. pyrimidyl. furanyl. thiazolyl and oxazolyl in the definition of and R» are 
optionally substituted by up to two hydroxy, halo, hydroxy-(C,-C4)alkyl. {C,-C4)alkoxy- 
(C,-C4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro or (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and 
thiophenoxy in the definition of R^' and R= are optionally substituted by up to three 
hydroxy, halo. hydroxy-(C,-C4)alkyl. {C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro or (C,-C4)aIkoxy optionally substituted with up to five 
fluoro; 

R*' and R^' are each independently hydrogen. (C,-C4)alkyl. (C3-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; or 
R" and R^^ are taken together with the nitrogen to which they are attached to forni 
indolinyl, pyrrolidinyl. piperidinyl. piperazinyl or morpholinyl; said pyn-olidinyl and 
1 5 piperidinyl in the definition of R» and R'' are optionally substituted with up to two 
hydroxy, amino. hydroxy-{C,-C4)alkyi, (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl 
optionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with 
up to five fluoro; said indolinyl and piperazinyl in the definition of R^ and R'^ are 
optionally substituted with up to three hydroxy, amino, or hydroxy-(C,-C4)alkyl. (C,- 
20 C4)alkoxy-(CrC4)aikyl. (C,-C4)alkoxycarbonyl. (C,-C4)alkyl optionally substituted with 
up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; said 
morpholinyl in the definition of R** and R^' is optionally substituted with up to two 
substituents independently selected from hydroxy-(CrC4)alkyl. (C,-C4)alkoxy-(C,- 
C4)alkyl. (CrC4)alkyt optionally substituted with up to five fluoro and (C,-C4)alkoxy 
25 optionally substituted with up to five fluoro. 

Yet another preferred group of compounds of fonnula I. designated Group D, 
are those compounds of fomiula I. prodmgs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
R'is 
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A is N optionally substituted with hydrogen or (CrC4)alkyl and B is carbonyl; or 
A is carbonyl and B is N optionally substituted with hydrogen or (Ct-C4)alkyl; 
is hydrogen or (C,-C4)alkyl; 
5 is phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl. benzyl, quinolyl. isoquinolyl, 
phthalizinyl. quinoxanlyl. benzothiazoyi, benzoxazolyl. benzofuranyl or benzothienyl; 
said phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 
phthalizinyl, quinoxanlyl, benzothiazoyl. benzoxazolyl, benzofuranyl and benzothienyl 
in the definition of R^ are optionally substituted with up to three phenyl, phenoxy, 
1 0 NR^R^. halo, hydroxy, hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; 

R^ and R^ are each independently hydrogen, {C1-C4 alkyi), phenyl or phenylsulfonyl; 

said phenyl and phenylsulfonyl in the definition of R^ and R" are optionally 
1 5 substituted with up to three halo, hydroxy. {CrC4)aIkyl optionally substituted with up to 

five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro. 

Still another preferred group of compounds of formula I, designated Group E. 

are those compounds of formula I. prodrugs thereof and pharmaceutically 

acceptable salts of said compounds or said prodrugs, wherein: 
20 RMs 
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D is CO, CHOH or CHj: 
E is O, NH or S; 

and R^^ are taken separately and are each independently hydrogen, halo, cyano, 
5 hydroxy, amino, (CrC6)alkylamino, di-(CrC6)alkylamino, pyrrolidino, piperidino. 
morpholino, (CrC4)alkoxy-(CrC4)alkyl. hydroxy«{CrC4)alkyl, Ar^, (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; 

R^. R^^ and R*° are each independently hydrogen or (CrC4)-a!kyl; 
10 Ar^ is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being 

optionally substituted with up to three hydroxy, (CrC4)alkoxy-(CrC4)alkyl. halo, 

hydroxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted with up to five fluoro or (Cr 

C4)aikoxy optionally substituted with up to five fluoro; or 

R^ and R" are taken together on adjacent carbon atoms and are -0-(CH2)t-0-; 
15 tis 1.2 or 3. 

Still another preferred group of compounds of formula I. designated Group F, 
are those compounds of fomriula I. prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodnjgs. wherein: 
R^is 
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Y is (C2"C6)alkylene; 

R^. R^^ and R*^ are each independently hydrogen or (Ct-C4)alkyl; 
m and n are each independently 1 . 2 or 3, provided that the sum of m and n is 2. 3 or 
5 4; 

k is 0 to 4; 

is a covalent bond, carbonyl. sulfonyl or oxycarbonyl; 
R'" is (C3.C7)cycloalkyl, Ar^-CCo-COalkylenyl, NR^'R^ or (CrCe)alkyl optionally 
substituted with one to five fluoro; provided that when Y^ is a covalent bond or 
1 0 oxycarbonyl. then R^^ is not NR'^R^; 

R^^ and R^ are taken separately and are each independently selected from hydrogen, 
Ar*. (CrC6)alkyl and Ar*-(Co-C4)alkylenyl; or 

R^^ and R** are taken together with the nitrogen atom to which they are attached to 
form azetidinyl, pyn^olidinyl, piperidinyl. piperazinyl, morpholinyl. azepinyl, 
15 azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl. 1 ,2,3.4-tetrahydroisoquinolyl, 6,7- 
dihydro-5f+dibenzo[c,e]a2epinyl or 5,6,7,8-teti'ahydropyrido[4,3-d]pyrimidyl; said 
azetidinyl in the definition of R*^ and R^® are optionally substituted with one hydroxy. 
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amino, hydroxy-(C,-CJalkyl. (C,-C,)alkoxy-(C,-C,)alkyl. (C,-C,)alkyl optionally 
substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with up to five 
fluoro; said pyrrolidinyl. piperidinyl and azepinyl in the definition of R*^ and R"' are 
optionally substituted with up to two hydroxy, amino. hydroxy-(C,-C4)alkyl. (C,- 
C4)alkoxy-(C,-C,)alkyl, (C-CJaikyI optionally substituted with up to five fluoro or (C,- 
C«)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R*^ and R*« is optionally substituted with up to two substituents independently 
selected from hydroxy^C-CJalkyl. (C,-C,)alkoxy-(C,-C,)alkyl. (C,-CJaikyl optionally 
substituted with up to five fluoro and (C-C^alkoxy optionally substituted with up to five 
fluoro; said piperazinyl. 1 .2.3.4-tetrahydroisoquinolyl and 5.6.7.8-tetrahydro[4.3- 
djpyrimldyl In the definition of R*^ and R« are optionally substituted with up to three 
hydroxy, amino, halo. hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(C,-C,)alkyl. (C,-C,)alkyl 
optionally substituted vwth up to five fluoro or (C,-C,)alkoxy optionally substituted with 
up to five fluoro; and said 6.7-dihydro-5H-diben2o[c.e]azepinyl in the definition of R^' 
and R*' are optionally substituted with up to four hydroxy, amino, halo. hydroxy.(C,- 
C4)alkyl. (C,-C,)alkoxy-(C,-C4)alkyI. (C,.C4)alkyl optionally substituted with up to five 
fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro. 

A prefenred group of compounds within Group F. designated Group FA. are 
those compounds, prodrugs thereof and phamiaceutically acceptable spite of said 
compounds or said prodrugs wherein: 
R' is (R)-1-hydroxy-ethyl; 
R^ is hydrogen; 
R'is 





(9^2)^ 



kisO; 

is a covalent bond; and 
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R^^ is 4-pyrimidinyi substituted at the 2-position with 1 -hydroxy methyl. 

A preferred group of compounds within Group FA. designated Group FB, are 
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said 
compounds or said prodrugs, which is 1R-(4-{142-(1R.hydroxy-ethyl)-pyrimidin^.y|]. 
5 I4,4lblpiperidinyl-1 -yl}-pyrimidin-2-yl)-ethanol. 

Another prefen-ed group of compounds of formula I. designated Group G. are 
those compounds of fonnula I, prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
R^is 



R'^and R'^ are independently hydrogen, (C3-C7)cycloalkyl, Ar^-(Co-C3)alkylenyl, Ar^- 
(C2-C4)alkenyl, Ar^-carbonyl or (CrC6)alkyl optionally substituted with up to five fluoro; 
and 

R*^ and R^^' are independently hydrogen or (Ci-CJalkyl. 

Still another prefen-ed group of compounds of fonnula I. designated Group H. 
are those compounds of formula I, prodmgs thereof and pharmaceutically acceptable 
salts of said compounds or said prodrugs, wherein: 

R^ is C(OH)R'R^ where R' and R^ are each independently hydrogen or methyl; 
R' is hydrogen; 




or 




10 



20 R'ii 



IS 



/ 




N 



wherein said R^ h 



is substituted by R®, R' or R*; 
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G, and G^ are taken separately and are each hydrogen and is hydrogen or (C,- 
C4)alkyl; and R® are each independently hydrogen or (CrC4)alkyl; or 
G and G' are taken together and are (CrC3)alkylene and R^ R^ R» and G' are 
hydrogen; or 

5 G' and G^ are taken together and are (CrC3)alkylene and R^ R^ R' and G are 
hydrogen; 
qisOorl; 

X is a covalent bond, oxycarbonyl.vinylenylcarbonyl, oxy(Ci-C4)alkylenylcarbonyl, 
thio(CrC4)alkylenylcarbonyl or vinylenylsulfonyi; said vinylenylcarbonyl and said 

1 0 vinylenylsulfonyi in the definition of X are optionally substituted on one or two vinylenyl 
carbons with (CrC4)a!kyl, benzyl or Ar; said oxy(CrC4)alkylenylcarbonyl and said 
thio(CrC4)alkylenylcarbonyl in the definition of X are optionally substituted with up to 
two (CrC4)alkyl, benzyl or Ar; 

is (C3-C7)cycloalkyl, Ar^-(Co-C4)alkylenyl or (CrC6)alkyl optionally substituted with 

15 up to five fluoro; 

Ar^ is phenyl, naphthyl. pyridyl. pyrimidyl, pyrazinyl, pyridazinyl. triazinyl. quinolyl, 
isoquinolyl. quinazolyl. quinoxalyl. phthalazinyl. cinnolinyl, naphthyridinyl, pteridinyl. 
pyrazinopyrazinyl, pyrazinopyridazinyl, pyrimidopyridazinyl, pyrimidopyrimidyl, 
pyridopyrimidyl. pyridbpyrazinyl. pyridopyridazinyl. pyn-olyl. furanyl. thienyl, imidazolyl, 

20 oxazolyl. thiazolyl, pyrazolyl, isoxazolyl. isothiazolyl. triazolyl. oxadiazolyl, thiadiazolyl, 
tetrazolyl. indolyl, benzofuranyl. benzothienyl. benzimidazolyl. benzoxazolyl, 
benzothiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, pynrolopyridyl. furopyridyi. 
thienopyridyl, imidazolopyridyl, oxazolopyridyl, thiazolopyridyl, pyrazolopyridyl. 
isoxazolopyridyi. isothiazolopyridyl, pyn-olopyrimidyl. furopyrimidyl, thienopyrimidyl, 

25 imidazolopyrimidyl, oxazolopyrimidyl. thiazolopyrimidyl, pyrazolopyrimidyl. 
isoxazolopyrimidyl. isothiazolopyrimidyl. pyn-olopyrazinyl, furopyrazinyl, 
thienopyrazinyl, imidazolopyrazinyl, oxazolopyrazinyl. thiazolopyrazinyl, 
pyrazolopyrazinyl. isoxazolopyrazinyl, isothiazolopyrazinyl, pyrrolopyridazinyl, 
furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazolopyridazinyl, 

30 thiazolopyridazinyl, pyrazolopyridazinyl. isoxazolopyridazinyl or isothiazolopyridazinyl; 
and 

said Ar^ is optionally substituted as set forth above. 
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A preferred group of compounds within Group H, designated Group HA. are 
those compounds, prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
X is a covalent bond, oxycarbonyl or vinylenyicarbonyl optionally substituted on one or 
two vinylenyl carbons with (Ci-C4)alkyl. benzyl or Ar; 

is Ar'-(Co-C4)a!kylenyl; 
Ar' is phenyl, naphthyl, pyridyl, pyrimidyl, pyrazinyl, triazinyl, quinolyl, isoquinolyl. 
quinazolyl, quinoxalyl, furanyl, thienyl, indolyl, benzofuranyl. benzothienyl, 
benzoxazolyl, benzothiazoiyi, furopyridyl, oxazolopyridyl, thiazolopyridyl. thienopyridyl. 
furopyrimidyl, thienopyrimidyl, oxazolopyrimidyl or thiazolopyrimidyl; and 
said Ar' is optionally substituted as set forth in claim 1 . 

A preferred group of compounds within Group HA, designated Group HB, are 
those compounds, prodnjgs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
is hydrogen; 
is hydrogen or methyl; 
R' is methyl; 

G, and G^ are hydrogen; 

R® and R^ are each independently hydrogen or methyl; 
R® is hydrogen. 

A prefenred group of compounds within Group HB, designated Group HC. are 
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said 
compounds or said prodrugs wherein: 
R' is (R)-l-hydroxy-ethyl; and 
R^is 
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A preferred compound within Group HC is the compound wherein is 2- 
furo[3,2-c]pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 

Another preferred compound within Group HC is the compound wherein is 
5 2-(4-chloro-furo[3,2-c]pyridyl). a prodoig thereof or a pharmaceutically acceptable salt 
of said compound or said prodrug. 

Another prefen-ed compound within Group HC is the compound wherein R^ is 
2-{4-pyrrolidin-1-yl-furo[3,2-c]pyridyl). a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug. 
10 Another prefen^ed compound within Group HC is the compound wherein R® is 

2-(4-morpholin-4-yl-furo[3,2-clpyridyl). a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within Group HC is the compound wherein R® is 
2-imidazo[1 ,2-a]pyridyl. a prodrug thereof or a phamnaceutically acceptable salt of 
1 5 said compound or said prodrug. 

Prefen-ed compounds within Group HC are furo[3,2-c]pyridin-2-yK4-[2-(1R- 
hydroxy-ethyl)-pyrimidin-4-yl]-3R,5S-dimethyl-pipera2in-1-yl}-methanone; (4-chloro- 
furo[3,2-c]pyridin-2-ylH4-[2-(1R-hydroxy-e%l)-pyrimidin-4-yn-3R,5SKllmethyl- 
piperazin-l-yl^methanone; {4-[2-(1 R-hydroxy-ethylV 
20 piperazin-1-yl^(4-py^•olidin-1-yl-furot3,2-c]pyridin-2-yl)-methanone;{4-[2-(1^ 
ethyl)-pyrimidin4-yl]-3R,5S<limethyl-pipera2in-1-ylH4-morpholin-4-yl-furoI3^^ 
c]pyridin.2-yl)-methanone; and {4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yI]-3R.5S- 
dimethyl-piperazin-1 -yI}-imidazo[1 .2-a]pyridin-2-yl-methanone. 

Another preferred group of compounds within Group HB. designated Group 
25 HD. are those compounds, prodrugs thereof and pharmaceutically acceptable salts of 
said compounds or said prodrugs wherein: 

is (R)-1-hydroxy-€thyl; and 
RMs 
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A preferred compound withir^ Group HD is the compound wherein is 2- 
furo[3.2-c]pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodnjg. 

An especially preferred compound within Group HD is furo[3,2-c]pyridin-2-yl- 
{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6SKJimethyl-piperazin-1-y^^^ 

Another prefen-ed group of compounds within Group'HB, designated Group 
HE. are those compounds, prodrugs thereof and pharmaceutically acceptable salts of 
said compounds or said prodrugs wherein: 
R' is (R)-1 -hydroxy-ethyl; and 
R'is 



A preferred compound within Group HE is the compound wherein R® is 3- 
pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said compound or 
said prodrug. 

Another preferred compound within Group HE is the compound wherein R^ is 
3-(2-methylpyridyl). a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 

Another preferred compound within Group HE is the compound wherein R® is 
3-(5-chloropyridyl), a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 
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Another preferred compound within Group HE is the compound wherein R® is 
3-(6-methylpyridyl), a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 

Preferred compounds within Group HE are 4-[2-(1R-hydroxy-ethyl)-pyrimidin- 
5 4-yl]-2R,6S-dimethyl-piperazine-1 -carboxylic acid pyridin-3-yl ester; 4-[2-(1 R-hydroxy- 
ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-pipera2ine-1 -carboxylic acid 2-methyl-pyridin-3- 
yl ester; 4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazine-1- 
carboxylic acid 5-chloro-pyridin-3-yl ester; and 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]- 
2R.6S-dimethyl-piperazine-1 -carboxylic add 6-methyl-pyridin-3-yl ester. 
10 Another preferred group of compounds within Group HB, designated Group 

HF, are those compounds, prodmgs thereof and phannaceutically acceptable salts of 
said compounds or said prodrugs wherein: 
R^ is (R)-l-hydroxy-ethyl; and 
R^is 



15 

A preferred compound within the Group HF is the compound wherein R® Is 2- 
thienyl. a prodrug thereof or a pharmaceutically acceptable salt of said compound or 
said prodrug. 

An especially prefen-ed compound within Group HF is (E)-1-{4-[2-(1R- 
20 hydroxy-^thyI)-pyrimidin-4-yO-2R,6S<limethyl-piperazin-1-yl}-3-thiophen-2-yl- 
propenone. 

Another prefen*ed group of compounds within Group HB. designated Group 
HG, are those compounds, prodrugs thereof and pharmaceutically acceptable salts of 
said compounds or said prodrugs wherein: 
25 R' is (R)-1 -hydroxy-ethyl; 
R3 is 
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is pyrimidyl or triazinyl; said pyrimidyl or triazinyl is optionally substituted with up to 
two hydroxy. (CrC4)alkyl. (C3-C7)cycloalkyl. {CrC4)alkoxy. hydroxy-(CrC4)alkyl. (C,- 
C4)alkoxy-(CrC4)alkylenyl. phenyl, piperazinyl optionally substituted with (C,-C4)alkyl, 
5 or imidazolyl optionally substituted with up to two {C,-C4)alkyl. 

A prefen-ed group of compounds within Group HG, designated Group HH, are 
those compounds, prodnjgs thereof and phamiaceutically acceptable salts of said 
compounds or said prodmgs wherein: is pyrimid-2-yl optionally substituted with up 
to two (CrC4)alkyl, hydroxy-(CrC4)alkyl or (CrC4)alkoxy-{CrC4)alkyl. 
''O A prefen-ed compound within the Group HH is the compound wherein R® is 

4,6-dimethylpyrimid-2-yl, a prodaig thereof or a phamnaceutically acceptable salt of 
said compound or said prodnjg. 

Another prefen-ed compound within the Group HH is the compound wherein 
R^ is 4-methoxymethyl-6-methylpyrimid-2-yl. a prodrug thereof or a pharmaceutically 
1 5 acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HH is the compound wherein 
R^ is 4-hydroxymethyl-6-methylpyrimid-2-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

A prefen-ed group of compounds within the Group HH are 1 R-{4-[4-(4,6- 
20 dimethyl-pyrimidin-2-yl)-3R,5SKJimethyl-piperazin-1 -yl]-pyrimidin-2-yl}-e^ 1 R^4. 
[4-(4-methoxymethyl-6-methyl-pyrimidin-2-yl)-3R,5SHjimethyl-piperazin-1.yO- 
pyrimidin-2-yl}-ethanol; and 1 R-^4-[4-(4-hydroxymethyl-6-methyl-pyrimidin-2-yl). 
3R,5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethanol. 

Another prefen-ed group of compounds within the Group HG. designated HI. 
25 are those compounds, prodmgs thereof and pharmaceutically acceptable salts of 
said compounds or said prodrugs wherein: R^ is pyrimid-4-yl optionally substituted 
with up to two (CrC4)alkylpiperazin-1-yl or imidazolyl; and said imidazolyl is optionally 
substituted with up to two (CrC4)alkyL 
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A preferred compound within the Group HI is the compound wherein is 2- 
(4-methylpiperazin-1-yl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HI is the compound wherein 
5 is 2-{4-ethylpiperazin-1 -yl)- pyrimid-4-yl. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HI is the compound wherein R® 
is 2-(4-methylimidazoH -yl)- pyrimid^-yl. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein. 
1 0 Another preferred compound within the Group HI is the compound wherein R® 

is 2-(2-methylimidazol-1 -yl)- pyrimid-4-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein. 

Another preferred compound within the Group HI is the compound wherein R^ 
is 2-{2,4-dimethylimida20l-1-yl)- pyrimid-4-yl. a prodrug thereof or a pharmaceutically 
1 5 acceptable salt of said compound or said prodaig. 

Another preferred compound within the Group HI is the compound wherein R® 
is 2-(4-isopropylpipera2in-1-yl)- pyrimid-4-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Prefen-ed compounds within Group HI are 1R-(4-{3R.5S-dimethyM^^ 
20 methyl-pipera2in-1-yl)-pyrimidin-4.yO-pipera2in-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4. 
[2-(4-ethyl-pipera2an-1-yl)-pyrimidin-4-yq-3R.5S-dimethyl-pipera2in-1-yl>pyri 
yl)-ethanol; 1 R-(4-{3R,5S-dimethyl-4-[2-(4-methyHmidazoM -yl)-pyrimidin-4-yl]- 
piperazin-l -yl}-pyrimidin-2-yl)-ethanol; 1 R.(4-{3R,5S-dimethy|.4-I2-(2-methyl-imidazol- 
1-yl)-pyrimidin-4-yll-pipera2in-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-[2-(2.4-dimethyl- 
25 imidazol-1-yI)-pyrimidin-4-yO-3R,5S-dimethyl-pipera2in-1-yl^pyrimidin-2-y^ 

and 1 R.(4-{4-I2-(4-isopropyl-piperazin-1 -yl)-pyrimidin-4-yl]-3R,5S-dimethyI-piperazin- 

1 .y|}-pyrimidin-2-yl)-ethanoL 

Another preferred group of compounds within Group HG. designated Group 
HJ. are those compounds, prodmgs thereof and pharmaceutically acceptable salts 
30 of said compounds or said prodrugs wherein: R® is [1 ,3,5]-triaan-2-yl optionally 
substituted with up to two hydroxy, (CrC4)alkyI. (C3-C7)cycloalkyl. (CrC4)alkoxy. 
hydroxy-(CrC4)alkyl. (CrC4)alkylpipera2in-1 -yl or phenyl. 
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A preferred compound within the Group HJ is the compound wherein is 4- 
methyl-6-(4-methylpipera2in-1-ylH1.3,5]-triazin-2-yl, a prodaig thereof or a 
pharmaceutically acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HJ is the compound wherein 
5 is 4-methoxy-6-methyl-(1 .3.5]-triazin-2-yl, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HJ is the compound wherein R^ 
is 4,6-dimethyoxy-[1,3,5]-tria2ln-2-yl, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug. 
1 0 Another preferred compound within the Group H J is the compound wherein R^ 

is 4-ethoxy-6-methyl-[1 .3,5]-tria2in-2-yl, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HJ is the compound wherein R' 
is 4-isopropoxy-6-methyl-[1.3,5]-triazin-2-yI, a prodmg thereof or a phannaceutically 
1 5 acceptable salt of said compound or said prodrug. 

Another prefen^ed compound within the Group HJ is the compound wherein R^ 
Is 4-phenyl-[1,3,5]-tria2in-2-yI. a prodrug thereof or a phannaceutically acceptable salt 
of said compound or said prodrug. 

Another prefen^d compound within the Group HJ is the compound wherein R® 
20 is 4.hydroxymethyl-6-methoxy.[1 ,3,5]-triazin-2-yl, a prodrug thereof or a 
phannaceutically acceptable salt of said compound or said prodrug. 

Another prefenred compound within the Group HJ is the compound wherein R® 
is 4-isopropoxy-6-methoxy-[1.3.5]-tria2in.2-yl, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug. 
25 Another prefenred compound within the Group H J is the compound wherein R® 

is 4-isopropyl-[1 ,3,5]-tria2in-2-yl. a prodaig thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HJ is the compound wherein R® 
is 4-€thyl-6-methoxy-[1 .3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically 
30 acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HJ is the compound wherein R® 
is 4-cyclopropyK1 .3,5]-tria2in-2-yl. a prodnjg thereof or a phannaceutically acceptable 
salt of said compound or said prodrug. 
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Another preferred compound within the Group HJ is the compound wherein 
is 4,6-dimethyl-[1 .3,5Hria2in-2-yl. a prodrug thereof or a pharmaceutically acceptable 
salt of said compound or said prodrug. 

Another prefen^ed compound within the Group HJ is the compound wherein R® 
is 4-methyl-6-phenyl-[1,3.5]-tria2in-2-yl, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug. 

Preferred compounds within the Group HJ are 1R-(4-{3R,5S-dimethyl-4-[4- 
methyl-6-(4-nr»ethyl-piperazin-1-ylH1.3,5ltriazin-2-yQ-pipera2in-1-yl^^^^ 
ethanol; 1 R-{4-[4-(4-methoxy-6-methyl-[1 .3,5]tria2in-2-yl)-3R,5S-dimethyl-piperazin-1 - 
yl]-pyrimidin-2-yl}-ethanol; 1 R^4-[4-(4,6-dimethoxy-[1 .3.5]tria2in-2-y!)-3R.5S-dimethyl- 
piperazin-1-yO-pyrimidin-2-yl}-ethanol; 1R-{4-I4-(4-ethoxy-6-methyl-[1.3,5]tria2in-2-yl)- 
3R.5S-dimethyl-pipera2in-1-yQ-pyrimidin-2-yI}-ethanol; 1 R-{4-[4-(4Hsopropoxy-6- 
methyKI ,3.5]tria2in-2-yl)-3R.5S-dimethyl-pipera2in-1 -yl]-pyrimidin-2-yl}-ethanol: 1 R- 
{4-[3R,5S'<limethyl-4-(4-phenyl-t1,3.5ltria2in-2-yl)-pipera2in-1-yO-pyrimidin-^^^^ 
ethanol; 1 R-{4-[4-(4-hydroxymethyl-6-methoxy-[1 ,3.5]triazin-2-yl)-3R,5S-dimethyl- 
piperazin-1 -yll-pyrimidiri-2-yl}-€thanol; 1 R-{4-I4-(4-isopropoxy-6-methoxy- 
[1 ,3,5]triazin-2-yl)-3R.5S-dimethyl-pipera2in-1-yl]-pyrimidin-2-yl}-ethan 1 R-{4-[4-(4- 
isopropyK1,3,5ltria2in-2-yl)-3R,5S-<limethyl-pipera2in-1-yO-pyrimid 
1 R-{4-[4-(4,6-dimethyl-[1 ,3,5]tria2in.2-yi)-3R,5S-dimethyl-pipera2in-1 -yI]-pyrimidin-2- 
yl}-ethanpl; 1 R-{443R.5SKJimemyl-4-{4:methyl-6:phenyl-[1 .3.5]tria2in-2-yl)-pipera2in- 
1-yl]pyrimidin-2-yI}-€thanol; 1 R-{4-[4-(4-cyclopropyl-[1 ,3,5]tria2in-2-yl)-3R,5S- 
dimethyl-pipera2in-1-yl]-pyrimidin-2-yI}-ethanol; and 1 R-{4-(4-'(4-ethyl-6-methoxy- 
[1,3,5]triazin-2-yI)-3R,5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethanol. 

Another group of prefen-ed compounds within the Group HB, designated 
Group HK. are those compounds, prodmgs thereof and pharmaceutically acceptable 
salts of said compounds or said prodrugs wherein: 
R^ Is (R)-1-hydroxy-ethyl; 
R^is 




;and 
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R® is pyrimidyl or triazinyl, said pyrimidyl and triazinyl optionally substituted with up to 
two hydroxy. {CrC4)alkyl. (C3.C7)cycloalkyl, (CrC4)alkoxy, hydroxy.(CrC4)alkyl, (Cr 
C4)alkoxy-(CrC4)alkyl. triazolyl, acetyl, morpholinyl. (Ci-C4)alkylpiperazinyl. phenyl or 
imidazolyl optionally substituted with up to two (Ct-C4)alkyL 
5 A prefen-ed group of compounds within the Group HK, designated HL, are 

those compounds, prodrugs thereof and phamnaceutically acceptable salts of said 
compounds or said prodrugs wherein: is pyrimid-2-yl optionally substituted with up 
to two (CrC4)alkyl. hydroxy-(CrC4)alkyl or triazolyl. 

A prefen-ed compound within the Group HL is the compound wherein R® is 
1 0 4.6-dimethyl-pyrimid-2-yl. a prodrug thereof or a phanmaceutically acceptable salt 
of said compound or said prodrug. 

Another prefen"ed compound within the Group HL is the compound wherein R® 
is 4-hydroxymethyl-6-methylpyrimid-2-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 
1 5 Another preferred compound within the Group HL is the compound wherein R® 

is 4-[1,2.4]-triazol-1-yl-pyrimid-2-yl, a prodrug thereof or a phanmaceutically 
acceptable salt of said compound or said prodrug. 

Prefen-ed compounds within the Group HL are 1R-{4-I4-(4.6-dimethyl- 
pyrimidin-2-yl)-2R.6S-dimethyl-piperazin-1 -yl]- pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4. 
20 hydroxymethyl-6-methyl-pyrimidin-2-yl)-2R.6S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}. 
ethanol; and 1 R-{4-[2R.6S-dimethy|.4K4-[1 .2.4]triazoM-yl-pyrimidin.2-yl)-p!perazin.1- 
yl]-pyrimidin-2-yl}-ethanol. 

Another preferred group of compounds within the Group HK, designated 
Group HM. are those compounds, prodrugs thereof and pharmaceutically 
25 acceptable salts of said compounds or said prodrugs wherein: R® is pyrimid-4-yl 
optionally substituted with up to two (CrC4)alkyl, hydroxy-(CrC4)alkyl. acetyl, 
morpholinyl. (CrC4)alkylpiperazinyl. triazolyl or imidazolyl optionally substituted with 
up to two (CrC4)alkyL 

A prefen-ed compound within the Group HM is the compound wherein R® is 
30 2.6-<Jimethyl-pyrimid-4-yl, a prodrug thereof or a phanmaceutically acceptable salt 
of said compound or said prodrug. 
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Another preferred compound within the Group HM is the compound wherein 
is 2-hydroxymethyl-6-methyI-pyrimid-4-yl. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HM is the compound wherein 
5 is 2-acetyl-pyrimid-4-yl. a prodrug thereof or a phamnaceutically acceptable salt 
of said compound or said prodrug. 

Another preferred compound within the Group HM is the compound wherein 
R' is 2-morpholln-4-yl-pyrimid-4-yl, a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug. 
10 Another preferred compound within the Group HM is the compound wherein 

R® is 2-(4-methylpipera2in-1-yl)-pyrimid-4-yl, a prodrug thereof or a phanmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HM is the compound wherein 
R® is 2-[1,2.4]-triazoH-yl-pyrimid-4-yl,a prodrug thereof or a phamnaceutically 
1 5 acceptable salt of said compound or said prodnjg. 

Another prefen-ed compound within the Group HM is the compound wherein 
R® is 2-( 1 S-hydroxyethyl)-pyrimid-4-yl. a prodmg thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound wittiin the Group HM is the compound wherein. 
20 R® is 2-(1 R-hydroxyethyl)-pyrimid-4-yl. a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HM is the compound wherein 
R* is 2-(4-€thylpiperazin-1 -yl)-pyrimid-4-yl. a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 
25 Another preferred compound within the Group HM is the compound wherein 

R® is 2-(4-mettiylimidazol-1 -yl)-pyrimid-4-yl. a prodrug thereof or a phanmaceutically 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HM is the compound wherein 
R* is 2-(2,4-dimethylimidazol-1-yl)-pyrimid-4-yl. a prodrug thereof or a 
30 phanmaceutically acceptable salt of said compound or said prodrug. 

Prefen-ed compounds within the HB Group are 1R-{4-[4-(2,6-dimethyl- 
pyrimidin-4-yl)-2R,6S-dimethyl-piperazin-1 -yl]-pyrimidin-2-y!}-ethanol: 1R-(4-{4-[2-(1 R- 
hydroxy-ethyl)-pyrimidin-4-yQ-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 
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1R-{4-[4-(2-hyclroxymethyl-6-methyl-pyrimidin-4-yl)-2R,6S-dimethyl-piperazin-1-yl]- 
pyrimidin-2-yl}-ethanol; 1 R-(4-{4-[2-(1 S-hydroxy-ethyl)-pyrimidin-4-yl]-2R.6S-dimethyl- 
piperazin-1 -yl}-pyrimidin-2-yl)-ethanol: (4-{4-[2-{1 R-hydroxy-ethyl)-pyrimidin-4-yl)- 
3R,5S-dimethyl-pipera2in-1 -yl}-pyrimidin-2-yl)-ethanone; 1 R-{4-(2R,6S-dimethyl-4-(2- 
5 morpholin-4-yl-pyrimidin-4-yl)-piperazin-1.yl]-pyrimidin-2-yl}-ethanol; 1 R-(4-{2R,6S- 
dimethyl-4-[2-(4-methyl-pipera2in-1-yl)-pyrimidin-4-yl]-pipera2in-1-yl}-pyrimidin-2-yl)- 
ethanol; 1 R-{4-[2R.6S-dimethyM-(2-(1 ,2.4]tria2ol-1 -yl-pyrimidin-4-yl)-pipera2in-1 -yl]- 
pyrimidin-2-yl}-ethanol; 1 R-(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R.6R-dimethyl- 
piperazin-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-t2-(4-ethyl-piperazin-1-yl)-pyrimidin-4- 
1 0 yl]-2R,6S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl)-ethanol: 1 R-(4-{2R,6S-dimethyl-4-[2- 
(4-methyl-imidazol-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}-pyrimidin-2-yl)-ethanol: and 1 R- 
(4-{4-[2-(2.4-dirnethyl-imidazol-1-yl)-pyrimidin-4-yl]-2R.6S-dimethyl-piperazin.1-yl}- 
pyrimidin-2-yl)-ethanol. 

Another prefen-ed compound within the Group HB is the compound wherein 
15 R' is (R)-1 -hydroxyethyl; R' is 




R® is 2-(1R-hydroxyethyl-pyrimid-4-yl, a prodaig thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

A preferred group of compounds within the Group HK, designated Group HN. 
20 are those compounds, prodnjgs thereof and phannaceutically acceptable salts of said 
compounds and said prodrugs, wherein R^ is [1,3,5]-triazjn-2-yl optionally substituted 
with up to two hydroxy, (C,-C4)alkyl. (C3-C7)cydoall<yl, hydroxy-(C,-C«)alkyl. (C,- 
C4)alkoxy-(C,-C4)alky!, (C,-C4)alkoxy. morpholinyl or phenyl. 

A prefen-ed compound within the Group HN is the compound wherein R' is 4- 
25 morpholin-4-yl-[1 ,3,5]-triazin-2-yl, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg. 

Another preferred compound within the Group HN Is the compound wherein 
R* is 4-methoxy-6-methyl-(1 ,3,5]-triazin-2-yl, a prodrug thereof or a phamiaceutically 
acceptable salt of said compound or said prodrug. 
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Another preferred compound within the Group HN is the compound wherein 
R» is 4.6-dimethoxy-[1 .3.5]-triazin-2-yl. a prodrug thereof or a pham^aceutcally 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HN is the compound wherein 
R« is 4-phenyK1.3.5]-triazin-2-yl. a prodrug thereof or a phamiaceutically 
acceptable salt of said compound or said prodmg. 

Another preferred compound within the Group HN is the compound wherein 
R' is 4-cyclopropyK1.3.5]-tria2in.2.yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HN is the compound wherein 
R» is 4,6-dimethyK1 .3.5]-triazin-2-yl. a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HN is the compound wherein 
R' is 4-hydroxymethyl-6-phenyK1 .3.5]-triazin.2.yl. a prodrug thereof or a 
15 phamiaceutically acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HN is the compound wherein 
R« is 4-methoxy-6-methoxymethyl-[1 .3.5]-triazin-2-yl. a prodrug thereof or a 
pharmaceutically acceptable salt of said compound or said prodmg. 

Another preferred compound within the Group HN is the compound wherein 
R» is 4.methyl-l1 .3.51-triazin-2-yl. a prodrug thereof or a phamnaceutically acceptable 
salt of said compound or said prodrug. 

Another preferred compound within the Group HN is the compound wherein 
R» is 4.methoxymethyl-6-phenyl-l1 .3.5]tria2in-2-yl. a prodrug thereof or a 
pharmaceutically acceptable salt of said compound or said prodmg. 

Preferred compounds within the Group HN are 1R-{4-l2R.6S-dimethyl-4- 
(4HtK)rpholin.4-yl-l1.3.5]triazin-2-yl)-piperazin-1-yll-^^^^^ 
(4-methoxy^thyl-l1.3.5]triazin-2-yl)-2R.6SKlimethyl-pipera2in-1-yQ-pyrim.d.n-2-ylh 

ethanol;1R-{4-[4-(4.6-dimethoxy-l1.3.5]triazin-2-yl)-2R.6S-dimethyl-pipera2.n-1-yll- 
pyrimidin-2-yl}^thanol; 1R-{4-l4-(4-cyclopropyK1 ,3.5]triazin-2-y^ 
30 pipera2in-1-yll-pyrimidin-2-yl}-ethanol;1R-{4-l4-{4.6-dimethyK13.5^^^^^ 
2R 6S-dimethyl-piperazin-1-yIl-pyrimidin-2-yl}^thanol; 1R-{4W^^^^ 
phenyl-[1.3.5ltriazin-2-ylV2R.6S-dimethy|.piperazin-1-yl]-pyrimidin-2-ylHti^^^^^ 
{4H4.{4-methoxy-6.methoxymethyK1.3.5]triazin-2-yl)-2R.6S 



20 



25 
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pyrimidin-2-yl}-ethanol; 1 R-{4.[2R,6S-dimethyl-4-(4-methyl-[1 ,3,5]tria2in-2-yl)- 
piperazin-l -yi]-pyrimidin-2-yl-ethanol; 1 R-{4-[4-(4-methoxymethyl-6-phenyl- 
(1 ,3.5]triazin-2-yl)-2R,6S<limethyl-pipera2in-1 -yl]-pyrimidin-2-yl}-ethanol^^ and 1 R-.{4- 
I2R.6SKJimethyl-4-(4-phenyl-[1,3.5]tria2in-2-yl)-piperazin-1-yl]-pyri 
5 Another prefen-ed group of compounds within the Group HB. designated 

Group HO. are those compounds, prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs wherein: 
R' is (R)-1-hydroxy-ethyl; 
R^is 




10 ;and 

R^ is pyrimldyl, quinoxalyl or oxazolopyridyl optionally substituted with up to two (C,- 
C4)alkyl, (CrC4)aIkoxy or hydroxy-CC^COalkyl. 

A prefen^ed compound within the Group HO is the compound wherein R^ 
is 4-hydroxymethyl-6-methyi-pyrimid-2-yl. a prodmg thereof or a phamiaceutically 
1 5 acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HO is the compound wherein 
R' is 2-hydroxymethyl-pyrimid-4-yl. a prodaig thereof or a phanDaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HO is the compound wherein 
20 R® is 2-hydroxymethyl-6-methyl-pyrimid-4-yl, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HO is the compound wherein 
R^ is 2-(oxazolo[5,4-b]pyridyl),a prodrug thereof or a phamnaceutically acceptable salt 
of said compound or said prodnjg. 
25 Another prefen-ed compound within the Group HO is the compound wherein 

R® is 2-(oxa20lo[4.5-b]pyridyl. a prodrug thereof or a phamiaceutically acceptable salt 
of said compound or said prodrug. 
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Another preferred compound within the Group HO is the compound wherein 
R« is 2-quinoxalyl. a prodrug thereof or a phamiaceutically acceptable salt of said 

compound or said prodrug. 

Preferred compounds within the Group HO are 1 R-{4-l4-(4- 
5 hydroxymethyl-6-methyl-pyrimidin-2-yl)-3S-methyl-piperazin-1-yi]-pyrimidin-2-yl^ 
ethanol;1R-{4-(4-(2-hydroxymethyi-pyrimidin-4-yl)-3S-methyl-piperazin-1-yll- 
pyrimidin-2-yi}-ethanol; 1 R-{4-l4-(2-hydroxymethyl-6-methyl-pyrimidin^-yl)-3S- 
methyi-piperazin-1-yl]-py-rimidin-2-yl}-ethanol;1R-[4-(3S-methyl-4-oxa20lol5.4- 
b]pyridin-2-yl-piperazin-1-yl)-pyrimidin-2-yl]-ethanoi;1R-[4-(3S-methyl^-oxa2olot4.5- 

1 0 blpyridin-2-yi-piperazin-1 -yl)-pyrimidin-2-yi]-ethanol; and 1 R-[4-(3S-methyM- 

quinoxalin-2-yl-piperazin-1-yl)-pyrimidin-2-yl]-ethanol. 

Another preferred group of compounds within the Group HB, designated 

Group HP, are those compounds, prodrugs thereof and pharmaceuticaily 

acceptable salts of said compounds or said prodrugs wherein: 
15 R' is(R)-1-hydroxy-ethyl; 

RMs 



I 



a 



N Me . 
' : and 

R« is pyrimidyl optionally substituted with up to two (C,-C,)alkyl. (CrC4)allcoxy, 
hydroxy-(C,-C4)alkyi. 

20 A preferred compound within the Group HP is the compound wherein R» is 2- 

(1 R-hydroxyethy!)-pyrimid-4-yl. a prodrug thereof or a pharmaceuticaily acceptable 

salt of said compound or said prodrug. 

A preferred compound within the Group HP is 1R-(4-{4-[2-{1R-hydroxy-ethyl)- 

pyrimidin^-yl]-2R-methyl-piperazin-1-yl}-pyrimidin-2-yl)-ethanol. 
25 Another preferred group of compounds within the Group HB. designated HQ. 

are those compounds, prodrugs thereof and pharmaceuticaily acceptable salts of 

said compounds or said prodrugs wherein: 

R' is (R)-1-hydroxy-ethyl; 

R'is 
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is pyrimidyl optionally substituted with up to two (CrC4)alkyl. {CrC4)alkoxy, 
hydroxy-(Ci-C4)alkyl. 

A preferred compound within the Group HQ is the compound wherein is 2- 
5 {1 R-hydroxyethyl)-pyrimid-4-yI. a prodrug thereof or a phamiaceutically acceptable 
salt of said compound or said prodrug. 

An especially prefen-ed compound within the Group HQ is (4-{4-[2-(1R- 
hydroxy-ethyl)-pyrimidin-4-yl]-2R,5SKjimethyl-piperazin.1-y!}-pyrimidin-2-yl)-e^^ 
Another preferred group of compounds within the Group HB, designated 
1 0 Group HR, are those compounds, prodmgs thereof and phamnaceuticaJly acceptable 
salts of said compounds or said prodrugs wherein: 
R' is (S)-l-hydroxy-ethyl; 
R^is 




;and 

15 R' is pyrimidyl optionally substituted with up to two (CrC4)a!kyl. (CrC4)alkoxy or 

hydroxy-(CrC4)aikyl. 

A preferred compound within the Group HR is the compound wherein R* is 2- 

(1 R-hydroxy-^thyl>.pyrimid-4-yl. a prodrug thereof or a phamiaceutically acceptable 

salt of said compound or said prodrug. 
20 An especially prefeaed compound within the Group HR is 1 S-(4-{4-[2-(1 R- 

hydroxy-ethyl)-pyrimidin-4-yl]-2R.6SKlimethyl-piperazin-1.yl}.pyrimidin.^^^ 

Yet another preferred group of compounds within the Group HB. designated 

Group HS,*are those compounds, prodmgs thereof and pharmaceutically acceptable 

salts of said compounds or said prodrugs wherein: 



wo 00/59510 



PCTABOO/00296 



-38- 

is acetyl; 




R^ is pyrimidyl optionally substituted with up to two (CrC4)alkyl. (CrC4)alkoxy, acetyl 
5 orhydroxy-(CrC4)alkyl. 

A preferred compound within the Group HS is the compound wherein R^ is 2- 
acetyl-pyrimid-4-yl, a prodaig thereof or a phannaceutically acceptable salt of said 
compound or said prodrug. 

A prefen-ed compound within the Group HS is the compound wherein R^ is 2- 
10 (1 R-hydro>cyethyl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically acceptable 
salt of said compound or said prodmg. 

Especially prefen-ed compounds within the Group HS are 1-{4-[4-(2-acetyl- 
pyrimidin-4.yl)-2R*,6S*-dimethyl-piperazin-1-yI]-pyrimidin-2-yl}-ethanone or1-(-4-{4- 
[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R.6SHdimethyl-pipera2in-1 -yl^ 
15 ethanone. 

A pharmaceutical composition, designated Composition A. comprising a 
compound of formula I, a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug and a pharmaceutically acceptable carrier or diluent. 

A method of inhibiting sorbitol dehydrogenase in a mammal in need of such 
20 inhibition comprising administering to said mammal a sorbitol dehydrogenase 

inhibiting amount of a compound of fomnula I, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug. 

A method of treating diabetes in a mammal suffering from diabetes comprising 
administering to said mammal an effective amount of a compound of formula 1, a 
25 prodmg thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug. 

A method, designated Method A. of treating or preventing diabetic 
complications in a mammal comprising administering to said mamnnal an effective 
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amount of a compound of formula I, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

A method of Method A wherein said mammal is suffering from diabetes. 

A method of Method A wherein said diabetic complication is diabetic 
5 neuropathy. 

A method of Method A wherein said diabetic complication is diabetic 
nephropathy. 

A method of Method A wherein said diabetic complication is diabetic 
retinopathy. 

10 A method of Method A wherein said diabetic complication is foot ulcers. 

A method of Method A wherein said diabetic complication is a cardiovascular 
condition. 

A phannaceutical composition, designated Composition B, comprising a 
compound of fomiula I, a prodmg thereof or a phannaceuticalty acceptable salt of said 
15 compound or said prodmg and an aldose reductase inhibitor, a prodrug thereof or a 
pharmaceutically acceptable salt of said aldose reductase inhibitor or said prodrug. 

A composition of Composition B additionally comprising a phannaceutically 
acceptable earner or diluent 

A method of treating diabetes in a mammal suffering from diabetes comprising 
20 administering to said mammal an effective amount of a compound of formula I, a 
prodrug thereof or a phamiaceutically acceptable salt of said compound or said 
prodrug and an aldose reductase inhibitor, a prodrug of said aldose reductase 
inhibitor or a pharmaceutically acceptable salt of said aldose reductase inhibitor or 
said prodrug. 

25 *** A method, designated Method B. of treating or preventing diabetic 

complications in a mammal comprising administering to said nriammal an effective 
amount of a compound of fomiula I. a prodrug thereof or a pharmaceutically 
acceptable of said compound or said prodmg and an aldose reductase inhibitor, a 
prodmg of said aldose reductase inhibitor or a phamiaceutically acceptable salt of 
30 said aldose reductase inhibitor or said prodmg thereof. 

A method of Method B wherein said mammal is suffering from diabetes. 
A method of Method B wherein said diabetic complication is diabetic 
neuropathy. 
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A method of Method B wherein said diabetic complication is diabetic 
nephropathy. 

A method of Method B wherein said diabetic complication is diabetic 
retinopathy. 

5 A method of Method B wherein said diabetic complication is foot ulcers. 

A method of Method B wherein said diabetic complication is a cardiovascular 
condition. 

A pharmaceutical composition, designated Composition C, comprising a 
compound of formula I, a prodrug thereof or a pharmaceutically acceptable salt of said 
10 compound or said prodrug and a sodium hydrogen ion exchange (NHE-1) inhibitor, a 
prodrug of said NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 
inhibitor or said prodrug thereof. 

A method, designated Method C, of treating ischemia in a mammal suffering 
from ischemia comprising administering to said mammal an effective amount of a 
1 5 compound of claim 1 . a prodnjg thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug and a sodium hydrogen ion exchange (NHE-I) inhibitor, a 
prodrug of said NHE-1 inhibitor or a phanriaceutically acceptable salt of said NHE-1 
inhibitor or said prodrug. 

A method.of Method C wherein said ischemia is perioperative myocardial 
20 ischemia. 

A method of treating or preventing diabetic complications in a mammal, 
designated Method D, comprising administering to said mammal an effective amount 
of a compound of fonnula I, a prodrug thereof or a phanmaceutically acceptable salt of 
said compound or said prodrug and a sodium hydrogen ion exchange (NHE-1) 
25 inhibitor, a prodrug of said NHE-1 inhibitor or a pharmaceutically acceptable salt of 
said NHE-1 inhibitor or said prodrug. 

A method of Method D wherein said mammal is suffering from diabetes. 

A method of Method D wherein said diabetic complication is diabetic 
neuropathy. 

30 A method of Method D wherein said diabetic complication is diabetic 

nephropathy. 

A method of Method D wherein said diabetic complication is diabetic 
retinopathy. 



wo 00/59510 PCT/IBOO/00296 

-41- 

A method of Method D wherein said diabetic complication is foot ulcers. 
A method of Method D wherein said diabetic complication is a cardiovascular 
condition. 

A method of treating diabetes in a mammal suffering from diabetes comprising 
5 administering to said mammal an effective amount of a compound of formula I. a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug, and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodrug of said 
NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 inhibitor or said 
prodrug. 
10 A kit comprising: 

a. a compound of formula I, a prodrug thereof or a 
pharmaceutically acceptable salt of said compound or said prodrug in a first unit 
dosage form; 

b. an aldose reductase inhibitor, a prodrug thereof or a 

1 5 pharmaceutically acceptable salt of said prodrug or said aldose reductase inhibitor in 
a second unit dosage form; and 

c. a container. 
A kit comprising: 

a. a compound of formula I, a prodrug thereof or a 

20 pharmaceutically acceptable salt of said compound or said prodrug in a first unit 
dosage fonm; 

b. a sodium hydrogen ion exchange (NHE-1 ) inhibitor, a prodrug 
thereof or a pharmaceutically acceptable salt of said prodrug or said NHE-1 inhibitor 
in a second unit dosage form; and 

25 c. a container. 

A method, designated Method E, of inhibiting sorbitol dehydrogenase in a 
mammal in need thereof comprising administering to said mammal Composition A. 

A method of Method E wherein said ischemia is perioperative myocardial 
ischemia. 

30 A method of treating ischemia in a mammal suffering from ischemia 

comprising administering to said mammal Composition C. 

A method, designated Method F, of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal Composition A. 
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20 



A method of Method F wherein said mammal is suffering from diabetes. 

A method, designated Method G, of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal Composition B. 

A method of Method G wherein said mammal is suffering from diabetes. 

A method, designated Method H. of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal Composition C. 

A method of Method H wherein said mammal is suffering from diabetes. 

A compound of formula 1. a prodrug thereof or a phamiaceutically 
acceptable salt of said compound or said prodrug, wherein: 

is C(OH)R^R^ where R'' and R^ are each independently hydrogen or methyl; 
R^ is hydrogen; 
R' is 



wherein said piperazinyl R^ is substituted by R®, R^ or R^ 

G, G^ and G^ are taken separately and are each hydrogen and R^ is hydrogen or (C,- 
C4)alkyl; R^ and R' are each independently hydrogen or (CrC4)alkyl; or 
G and G' are taken together and are (CrC3)alkylene and R^ R^ R® and G^ are 
hydrogen; or 

G' and G^ are taken together and are (CrC3)aikylene and R^ R^ R^ and G are 

hydrogen; 

qisOor 1; 

X is a covalent bond, oxycarbonyl,vinylenylcarbonyl. oxy(CrC4)alkylenylcarbonyl. 
thio(CrC4)alkylenylcarbonyl or vinylenylsulfonyt; said vinylenylcarbonyl and said 
vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyl 
carbons wilh (CrC4)alkyl. benzyl or An said oxy(CrC4)alkylenylcarbonyl and said 
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thio(C|-C4)alkylenylcarbonyl in the definition of X are optionally substituted with up to 
two (Ci-C4)alkyl, benzyl or Ar; 

is (C3-C7)cycloalkyl. Ar^-(Co-C4)alkylenyl or (CrC6)alkyl optionally substituted with 
up to five fluoro; 

5 Ar^ is phenyl, naphthyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, quinoiyl. 

isoquinolyl. quinazolyl, quinoxalyl, phthalazinyl, cinnolinyl. naphthyridinyl, pteridinyl. 

pyrazinopyrazinyl, pyrazinopyridazinyl. pyrimidopyridazinyl, pyrimidopyrimidyl. 

pyridopyrimidyl. pyridopyrazinyl. pyridopyridazinyl, pyn-olyl. furanyl, thienyl. imidazolyl. 

oxazolyl. thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl. 
10 tetrazolyl, indolyl. benzofuranyl, benzothienyl, benzimidazolyl, benzoxazolyl. 

benzothiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, pyn-olopyridyl, furopyridyl. 

thienopyridyl, imidazolopyridyl, oxazolopyridyl, thiazolopyridyl. pyrazolopyridyl, 

isoxazolopyridyl, isothiazolopyridyl, pyn^olopyrimidyl, furopyrimidyl. thienopyrimidyl. 

imidazoiopyrimidyl, oxazolopyrimidyl, thiazolopyrimidyl. pyrazolopyrimidyl. 
1 5 Isoxazolopyrimidyl, isothiazolopyrimidyl. pyrrolopyrazinyl. furopyrazinyl, 

thienopyrazinyl. imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyl. 

pyrazolopyrazinyl. isoxazolopyrazinyl. isothiazolopyrazinyl, pyn^olopyridazinyl, 

furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazoiopyridazinyl. 

thiazolopyridazinyl. pyrazolopyridazinyl. isoxazolopyridazinyl or isothiazoiopyridazinyl; 
20 and 

said Ar' is optionally substituted as set forth above; 
kis 0. 1,2, 3 or 4; 

is a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 
R'^ is (C3-C7)cycloalkyl. Ar*-(Co-C4)alkylenyl, NR^^R*" or (CrC6)alkyl optionally 
25 substituted with one to five fluoro; provided that when is a covalent bond or 
oxycarbonyl, then R*^ is not NR^'R^; 

R^^ and R^ are taken separately and are each independently selected from hydrogen. 
Ar*, (C,-C6)alkyl and Ar*-(Co-C4)alkylenyl; or 

R^' and R^ are taken together with the nitrogen atom to which they are attached to 
30 forni azetidinyl. pyrrolidinyl, piperidinyl, piperazinyl, morphoHnyl. azepinyl, 

azabicyclo[3.2.2]nonanyl, a2abicyclo[2.21]heptyl, 1.2,3,4-tetrahydroisoquinolyl. 6,7- 
dihydro-5HkJibenzo{c,e]azepinyl or 5,6,7,8-tetrahydropyrido[4,3-dlpyrimrdyl; said 
azetidinyl in the definition of R^^ and R^ are optionally substituted with one hydroxy. 
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amino. hydroxy-(C,-C,)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro or (C,-C«)alkoxy optionally substituted with up to five 
fluoro; said pyrrolidinyl. piperidinyl and azepinyl in the definition of R*^ and R** are 
optionally substituted with up to two hydroxy, amino, hydroxy-(C,-C«)alkyl, (G,- 
5 C4)alkoxy-(C,-C«)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R*^ and R** is optionally substituted with up to two substituents independently 
selected from hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
1 0 fluoro; said piperazinyl, 1 ,2.3.4-tetrahydcoisoquinolyl and 5,6.7,8-tetrahydroI4,3- 
d]pyrimidyl in the definition of R*^ and R** are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-(CrC4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl 
optionally substituted with up to five fluoro or (Ci-C4)alkoxy optionally substituted with 
up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R" 
1 5 and R*" are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(C,- 
C4)alkyl, (C,-C4)alkoxy-{C,-C4)alkyl, (e,-C4)alkyl optionally substituted with up to five 
fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; 
Ar* is independently defined as set forth for Ar and Ar' above; 
Ar* is optionally independently substituted as set forth for Ar and Ar' above. 
20 A compound selected from 1 R^{4-{V-[2-{^ R-hydroxy-€thyl)-pyrimidin-4-yQ- 

[4.4]bipipendinyl-1 -yl}-pyfimldini2-yl)-ethanol; furo[3.2-c]pyridin-2-yl-{4-[2-(1 R- 
hydroxy-ethyl)-pyrimidin-4-y^]-3R,5S-dimethyl-pipe^azin-1-yl^metha^one; (4-chloro- 
furo[3.2-c]pyridin-2-ylH4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yi]-3R,5S-dimethyl- 
piperazin-1 -yl}-methanone; {4-[2-{1 R-hydroxy-«thyl)-pyrimidin-4-yl]-3R,5S-<iimethyl- 
25 piperazin-1 -yl}-(4-pyrrolidin-1 -yl-furoI3,2-c]pyridin-2-yl)-methanone; {4-[2-(1 R-hydroxy- 
ethyl)-pyrimidin-4-yQ-3R,5S-dimethyl-piperazin-1-ylH4-morpholin-4-yl-furo[3.2- 
clpyridin-2-yl)-methanone;{4-t2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-3R.5S-dimethyi- 
piperazin-1 -ylHmidazo[1 .2-a]pyridin-2-yi-methanone; furo[3,2-c]pyridin-2-yl-{4-[2-{1 R- 
hydroxy-ethyl)-pyrimidin-4-yO-2R,6S-<jimethyi-piperazin-1 -yl}-methanone; 4-[2-(1 R- 
30 hydroxy-ethyI)-pyrimidin-4-yl]-2R,6S-dimethyi-piperazine-1 -carboxylic acid pyridin-3-yl 
ester, 4-[2-(1 R-hydroxy-€thyl)-pyrimidin^-yl]-2R,6S-dimethyl-piperazine-1 -carboxylic 
acid 2-methyl-pyridin-3-yl ester 4-[2-(1R-hydroxy-€thyl)-pyrimidin-4-yl]-2R.6S- 
dimethyl-piperazine-1- carboxylic acid 5-chloro-pyridin-3-yl ester, 4-[2-(1R-hydroxy- 
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ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazine-1-carboxylicacid 6-methyl-pyridin-3- 
yl ester; (E)-1-{4-I2-(1R-hydroxy^thyl).pyrimidin-4-yl]-2R.6S-dimethy|.pipera2in-1-yl)- 
3-thiophen-2-yI-propenone; 1R-{4-[4-(4.6-dimethyl-pyrimidin-2-yl)-3R.5S-dimethyl- 

pipera2in-1.yl]-pyrimidin-2-yl}-ethanol:1R-{4-I4-(4-methoxymethyl-6-methyl-pyrimidin- 
2-yl)-3R.5S-dlmethyl-piperazin-1 -yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-[4.(4- 

hydroxymethyl-6-me%l-pyrimidin-2-yl)-3R,5SKlimethy|.piperazin-1-yO-pyrimidin-2-yO- 
ethanol; 1R-(4-{3R.5S-dimethyI-4-[2-(4-methyl-pipera2in-1.yl)-pyrimidin^-y|]- 

pipera2in-1-ylhpyrimidin-2-yl)-ethanol:1R-(4-{4-[2-(4-ethyl-piperazin-1-yl)-pyrimidin^. 
yl>3R,5S-dimethyl-pipera2in-1-yl}-pyrimidin-2-yl)-ethanol;1R-(4-{3R.5S-dimethyl-4-[2- 
(4-melhyl-imidazol-1-yl)-pyrimidin-4-yQ-piperazin.1-y|}-pyrinnidin-2-yl)-ethanol:1R-(4- 
{3R.5S-dimethyl-4-[2-(2-methyl-imida2ol-1-yl)-pyrimidin^-yO-p^pera2in-1-y|^pyri^^^ 

2-yl)-ethanol;1R-(4-{4-[2-(2.4-dimethyl-imldazol-1-yl)-pyrimidin^-yq-3R,5S-dirnethyl- 

piperazin-1-yl}.pyrimidin-2-yl)-ethanol;1R-{4-{4-[2-(4-isopropyl-pipera2in-1-yl)- 

pyrimidin-4-yl]-3R,5S-dimethyl-pipera2in-1.yl}-pyrimidin-2-yl)-ethanol;1R-(4-{3R,5S- 

dimethyl-4-[4-methyl-6-(4-methyl-piperazin-1-ylH1,3.5]tria2in-2-yO-pipera2in-1-^^ 

pyrimidin-2-yl)-emanoI;1R-{4-I4-(4-methoxy-6-methyKi,3,qtria2in-2-yi)-3R.5S- 

dimethyl-piperazin-l -yl]-pyrimidin-2-yl}-€thanol; 1 R-{4-[4-{4.6-dimethoxy-[1 .3.5]tria2in- 

2-yl).3R.5SKlimethyl-piperazin-1 -yl]-pyrimidin-2-yl}-ethanol: 1 R-{4-[4-{4-ethoxy-6- 

methyl-[1 .3.5]tria2in-2-yl)-3R.5S-dimethyl-pipera2in-1.y|]-pyrimidin.2-yl}-ethanol; 1 R- 

{444-(4-isopropoxy-6-methyK1,3.5]triazin-2-yl)-3R.5S-dimethyl-piperazin-1-yl]. 

pyrimidin-2-yl}-€thanol; 1 R-{4-[3R,5S-dimethyM.(4-phenyl-[1 .3.5]trja2in-2-yl)- 

piperazin-1-yl]-pyrimidin-2-yl}-ethanol: 1R-{4-[4-{4-hydroxymethyl-6-methoxy- 

[1 .3.5]triazin-2-yl)-3R.5S-dimethy|.piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1 R-{4.(4-(4- 

isopropoxy-6-methoxy-I1.3.5]tria2in-2-yl)-3R.5S-dimethyl-piperazin-1-yO-pyrimidin-2- 

yl}-ethanol;1R-{4-I4-(4-isopropyl-[1,3.5]tria2irv-2-yl)-3R.5S-dimethyl-piperazin-1.^ 

pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4.€thyl-6-niethoxy-[1 .3.5]triazin-2-yl)-3R.5S- 

dimethyl-pipei^in-1-y0.pyrimidin-2-yl}-ethanol;1R-{4-[4-(4.6.dimethyl-pyrimidi^ 

2R.6S-dimethyl-piperazin-1-y0.pyrimidin-2-yl}-ethanol;1R^4-[4-(4-hydroxymethyl-6- 

methyl-pyrimidin-2-yl^2R,6S-dimemyl-piperazin-1-yO-pyrimidin-2-yl}^thanol:1R-{4- 

I2R,6S-dimethyl-4-(4-[1,2.4Jtriazol-1-yl-pyrimidin-2-yl)-piperazin-1-yl]-pyrimldm 

ethanol:1R-{4-[4-(2,6-dimethyl-pyrimidirv4.yl).2R,6S-dimethy|.plperazin-1-ylI. 

pyrimidin-2-yl}-ethanol;1R-(4-{4.[2.(1R4iydroxy-ethyl).pyrimidin-4.yO-2R.6S-dimem 
piperazin.1.yl}-pyrimidin-2-yl)-ethanol:1R^4.[4-(2.hydroxymethyl-6-methy|.p^^ 
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4-yl)-2R.6S-dimethyl-piperazin.1-yl]-pyrimidin-2-yl}^thanol;1R-(4-{4-[2-(1S.hydroxy- 
ethyl)-pyrimidirM.yl^2R.6S-dimemyl-pipe^azin-1-yl^pyrimidi^^^^^^ 

t2-(1R.hydroxy.ethyl).pyrimldln.4.ylh2R.6S-dimethyl-piperazin-1.^^^^^ 

ethanol;H4-[4-(2-acetyl-pyrimidin-4.yl)-2R.6SKllmethy|.pi^^^ 

yl}-ethanone: 1RS-(4-{4.(2-(1RS-hydroxy.ethyl)-pyrimidirHt.yl]-2R.6S-dim^^^ 

p.pera2in-1-yl}-pyrimidln-2.yl)-ethanol;(4H4.[2.(1R-hydroxy.e^^^^ 

3R.5SKJimethyNpipera2ln.1.y|^pyrimidin.2.yl)^thanone:1R^4-[2R.6S^^^ 

morpholin-4-yl-pyrimidin-»-yl)-piperazln-1.yl]^,yrimidin^^^ 1r.(4^2R 6S- 

dimethyl-4-[2H4-methyi-pipera2ln-1-ylH)yrlmldin.4.y0.p^^^^^^ 

ethanol;1R-{4-[2R.6SKJimemyM.(2-[1^.4Jtria2ol-1.y|-pyrim^^^^^^^ 

pynm,din-2-ylHthanol;1R-(4-{4K2-(1R.hydroxy^thyl)-pyrimidl^^^^^^ 

p.perazin-1-yl}-pyrimidin-2-yl)^thanol:1R-(4^4-[2-(4-ethyMpera^^^ 

yl]-2R.6SKJ.methyl-pipera2in-1-yl^pyrimidin.2-yl)^thanol;1R.(4-{2R,6 
(4-methyl-imida2ol-1-yl)-pyrimidin-4-yI^piperazln-1.yl^pyrim^^^^^^ 

{4-[2-(2.4KJ.f7Tethyl-imida2oM-y|)-pyrimidin.4.y0.2R.6SKJimethy^ 

pyrimidin-2-yl)-ethanol;1R^4-[2R.6S^ime%M-(4-morpholin-4-yKl.3.^^^^^ 
p.pera2,n-1.y|]-pynmidin-2-yIHthanol;1R^4.[4.{4-methoxy.^^^ 

yl)-2R.6S-dimethyl-piperazin-1-yl]-pyrimidin-2-ylHthanol;1R^4-[4-(4.6-di^^^^^ 
[1.3.5]triazin-2-yl)-2R.6SKlimethyl-pipera2in-1-yO-pyrimidln-2-y^^^^^ 

[2R.6S-dimethyl-4-{4-phenyK1.3.5]tria2in-2-yl)-pipera2in-1.y^pyrimidin-^^^^^^ 
1R^4-[4-(4-hydroxymethyl-6-methyl-pyrimidin-2-yl)-3S-methyl-piperazin-1-y|]- 
pyrimidin-2-yl}^thanol:1R44-[4-(2-hydroxymethyl-pyrimidin^.yI)-3S-mem^^^ 
p.pera2in-1-yq-pyrimidin-2-yl}^lhanol;1R^4-[4-(2-hydroxymeW^^^ 

4-yl)-3S-methyl-pipera2in.1-yl]-py-rimidin-2-yl}-ethanol;1R-[4K3S-methyM- 
oxazolo[5.4-b]pyridin-2-yl-pipera2in-1-yl>pyrimidin-2-yO-ethanoU 
oxa2olo[4.5-b]pyridin-2-y|.pipera2in-1-yl)-pyrimidin-2-yO-emanol:1R-[4-(^^^^ 
quinoxaIin-2-yl-pipera2in-1-y|)-pyrimid.n-2-y0^manol:{4^M^^^ 

pyrimidin-4-yO-2R.5S-dime%l-pipera2in-1-y|^pyrimidin-2-y|)-e^^^^^ 

d.methyKl.3.5]tria2in-2-yI)-3R.5S-dimethyl-pipera2in-1-y|]-pyrimidin-^^^^^ 

{4.[3R.5S^imethyI.4-(4-methyl-6-phenyl-n.3.5]tria2in-2.yl)-pip^^^^^ 

yl}-ethanol;1R44-[4-(4-cyclopropyK1.3.5]tria2in-2-yl)-3R.^ 

pyrimidln-2-yI}^thanol;1R-{4-[4-(4-cydopropy|.[1.3.5]tria2in^^^^^^^ 

pipera2jn-1-yQ.pyrirrtdin-2-yl}^thanol;1RK4-I4-(4.6Klime%^^ 
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2R,6S-dimethyl-piperazin-1 -y|]-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4-hydroxymethyl-6- 
phenyKI .3,5]triazin-2-yl)-2R,6SHJimethyl-pipera2in-1-yl]-pyrim^ 1 R- 

{4.[4-(4-methoxy-6-methoxymethyl-[1,3.5]tria2in-2-yl)-2R,6S-dim 
pyrimidin-2-yl}-ethanoI; 1 R-{4-[2R.6S-dimethyl-4-(4-methyl-[1 .3,5]triazin-2-yl)- 
5 piperazin-1 -yll-pyrimidln-2-yl-ethanol; 1 -{4-I4-(2-acetyl-pyrimidin-4-yl)-2R*.6S*- 
dimethyl-pipera2in-1-yl]-pyrimidin-2-yl}-ethanone; 1-(-4-{4-I2-(1R-hydroxy-ethyl)- 
pyrimidin-4-yl]-2R,6S-dimethyl-pipera2in-1 -yl}-pyrimidin-2-yl)-ethanone; 1 R-{4-[4-(4- 
methoxymethyl-6-phenyl-[1,3,5]-triazin-2-yl)-2R,6S-dimethyl-pipera2in-1-^^^ 
2-yI}-€thanol; and 1 S-(4-{4-[2-(1 R-hydr6xy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl- 
1 0 pipera2in-1-yl}-pyrimidin-2-yl)-€thanol. 



15 RMs C-(OR")R*R'. where R" is independently {CrC4)alkyl. benzyl. (Cr 

C6}alkylcartx)nyl or phenyicarbonyl, where said benzyl and said phenyl are optionally 
substituted with up to three (CrC4)alkyl, (CrC4)alkoxy. halo or nitro; 
R^ and R® are each independently hydrogen, methyl, ethyl or hydroxy-(CrC3)alkyl; 
R^ is hydrogen, (CrC4)alkyl or (Ci-C4)alkoxy; 

20 R^ is a radical of the fomnula 



A compound of the fomiula I* 




I* 



wherein: 
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wherein said radical of formula R^^ is substituted by R^ and R®; 
said radical of formula R^*^ is substituted by R^^ and R^; 
G. and G^ are taken separately and are each hydrogen and R^ is hydrogen, (C,- 
5 C4)alkyl, (CrC4)aIkoxycarbonyl, (CrC4)alkoxy-(CrC,)alkyl. hydroxy-(CrC4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl or (CrC4)alkoxy. wherein said 
(CrC4)alkyl in the definition of R^ and said (CrC4)alkoxy in the definition of R® are 
optionally and independently substituted with up to five fluoro; R^ and R® are each 
1 0 independently hydrogen or (CrC4)alkyl; or 

G and are taken together and are (CrC3)alkylene and R^ R'. R® and G^ are 
hydrogen; or 

G' and G^ are taken together and are (C^-C3)alkylene and R\ R^ R' and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond, -(C=NR^°)-. oxycarbonyl. vinylenylcarbonyl. oxy(Cr 
C4)alkylenylcarbonyl. (CrC4)alkylenylcarbonyl. {C3-C4)alkenylcarbonyl. thio(Cr 
C4)alkylenylcarbonyl, vinylenylsulfonyl. sulfinyKCrC4)aIkylenylcarbonyl, sulfonyl-(Cr 
C4)all<ylenylcafbonyl or cart5onyl(Co-C4)alkylenyicarbonyl; wherein said oxy(Cr 

20 C4)alkylenylcarbonyi. (CrC4)alkylenylcarbonyl. (C3-C4)alkenylcarbonyl and thio{Cr 
C4)alkylenylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (CrC4)alkyl. benzyl or Ar; said vinylenylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 
or two vinylenyl carbons with (CrC4)alkyl. benzyl or Ar; and said carbonyl(Co- 

25 C4)alkylenylcarbonyl in the definition of X is optionally substituted indepedently with up 
to three (CrC4)alkyl. benzyl or An 
R^** is hydrogen or (CrC4)alkyl; 

Is (C3-C7)cycloalkyl. Ar^-(Co-C3)alkylenyl or (CrCe)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 

30 (CrC4)alkylenylcarbonyl. then R^ is not (CrCe)alkyl: 

Ar and Ar^ are independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatoms selected 
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two 
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fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
5 to seven membered rings, taken independently, optionally having up to four 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or. 
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or 
two 0X0 groups substituted on sulfur. 
10 Ar and Ar^ are optionally independently substituted on carbon or nitrogen, on one ring 
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two 
or three rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R", R« R" and R^^: wherein R". R«. R^' and R'" are 
each taken separately and are each independently halo, formyl. (C,- 
15 C6)alkoxycarbonyl, (CrC,)alkylenyloxycarbonyl. (CrC4)alkoxy-(C,-C4)alkyl, 
C(OH)R«R'*, naphthyl. phenyl, imidazolyl, pyridyl, triazolyl. morpholinyl. (Co- 
Oalkylsulfamoyl. N-(Co-C4)alkylcarbamoyl. N,N-di-(C,-C4)alkylcarbamoyl. N- 
phenylcarbamoyl. N-(CrC4)alkyl-N-phenylcart3amoyl. N.N-diphenyl carbamoyl. (C,- 
C4)alkylcarbonylamido, (Cj-C7)cycloalkylcarbonylamido. phenylcarbonylamido. 
20 piperidinyl. pyrrolidinyl, piperazinyl, cyano. benzimidazolyl, amino, anilino, pyrimidyi. 
oxazolyl, isoxazolyl. tetrazolyl. thienyl. thiazolyl. benzothiazolyl, pyrrolyl. pyrazolyl, 
tetrahydroquinolyl, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy, 
pyridylsuifanyl. furanyl. 8-(CrC4)alkyl-3.8.diaza(3.2.1]bicydooctyl. 3,5-dioxo-1,2,4. 
triazinyl. phenoxy. thiophenoxy. (C,-C4)alkylsu!fanyl. (CrC4)alkylsulfonyl, (C,- 
25 Cr)cydoalkyl. (C,-C4)alkyl optionally substituted with up to five fluoro or (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said naphttiyl. phenyl, pyridyl. piperidinyl, 
benzimidazolyl. pyrimidyi. thienyl. benzothiazolyl, pynolyl. tetrahydroquinolyl, 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy. pyridylsuifanyl. furanyl. 
thiophenoxy. anilino and phenoxy in tine definition of R^\ R". R" and R'* are 
30 optionally substituted vwtti up to three substituents independentiy selected from 

hydroxy, halo. hydroxy-(C,-C4)alkyl. (CrC4)alkoxy.(C,-C4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said imidazolyl, oxazolyl. isoxazolyl, thiazolyl and pyrazolyl in the definition of 
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R". R'^ R" and R'* are optionally substituted with up to two substituents 
independently selected from hydroxy, halo. hydroxy-(CrC.)alkyl, (CrC.)alkoxy-(Cr 
C«)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C.)alkoxy 
optionally substituted with up to five fluoro; said morpholinyl in the definition of R«\ 
5 R«. R" and R'* is optionally substituted with up to two substituents independenUy 
selected from (CrC4)alkyl; said pyrroiidinyl in the definition of R", R'^ R" and R'^ is 
optionally substituted with up to two substituents independently selected from hydroxy. 
hydroxy-(C,-C3)alkyl. (CrCJalkoxy-{C,-C.)alkyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (CrC.)alkoxy optionally substituted with up to five fluoro; said 
10 piperazinyl in the definition of R". R'^ R" and R- is optionally substituted with up to 
three substituents independently selected from (CrC,)alkoxy-(CrC,)alkyl. hydroxy- 
(C,-C3)alkyl. phenyl, pyridyl. (Co-C,)alkylsulfamoyl. (C,-C,)alkyl optionally substituted 
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro; said 
triazolyl in the definition of R". R'^ and R" is optionally substituted with hydroxy. 
1 5 halo. hydroxy-(C,-C,)alkyl. {CrCJalkoxy-(CrC,)alkyl. (C,-C.)alkyl optionally 

substituted with up to five fluoro and (C,-C.)alkoxy optionally substituted with up to five 
fluoro; said tetrazolyl in the definition of R". R" and R- is optionally substituted 
' with hydroxy-(CrC3)alkyl or (CrC,)alkyl optionally substituted with up to five fluoro; 
and said phenyl and pyridyl which are optionally substituted on piperazine in the 
20 definition of R". R'^ R" and R^^ are optionally substituted with up to three hydroxy, 
halo. hydroxy-(C,-CJalkyl. (C,-C.)alkoxy-(C,-C.)alkyl. (C,-C.)alkyl optionally 
substituted with up to five fluoro and (C,-CJalkoxy optionally substituted with up to five 
fluoro; or 

R" and R" are taken together on adjacent carbon atoms and are 
25 -CH20C{CH3)pCHr or -0-(CH2)p-0-. and R" and R" are taken separately and are 
each independently hydrogen or (Ci-C4)alkyl; 
pis1.2or3; 

R« and R'" are taken separately and are each independently hydrogen. (C,-C4)alkyl 
optionally substituted with up to five fluoro; or R« and R" are taken separately and R« 
30 is hydrogen and R^" is (C3-Ce)cycloalkyi. hydroxy-(C,-C3)alkyi. phenyl, pyridyl. 
pyrimidyl. thienyl. furanyl. thiazolyi. oxazolyl. imidazolyl. benzothiazolyl or 
benzoxazolyl; or R^* and R" are taken together and are (C3-C6)alkylene; 
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10 



15 



20 



25 



G3 and are taken separately and are each hydrogen: r is 0; R'^ is hydrogen 
fc'-C )a.ky.. (C-Oalko^carbony.. (C,-C.)a.koxy-(C.C.)a.ky.. hydroxy-(C.C,)alky. or 

C -C )alkyl (C,-C.)alkoxy-(C,-C.)a.kyl. (C,-C.)a.ky. or (C,-C.)alkoxy. where.n sa.d 

tc:Zl^hede«n.onofR«andsaid 

IpioiyLindependen^ysubsmuted^thuptofivefluoro;^ 

each independently (C,-C4)alkyl; or 

G3 and & are taken separately and are each hydrogen; r is 1 ; R'' is hydrogen^ 
(c'-C )alkyi (C-Oalkoxycatonyl. (CrC.)alkoxy-(C,-C.)aikyl. hydroxy-(C,.C.)alkyi or 
phUl optionally independen«y substituted with up to three hydroxy, halo, hydroxy- 
C,-C.)a.kyl. (C,-C.)alkoxy-{C.C.)alk^. (C,-C.)alkyl or (C,-C.)a.koxy. where, sa.d 
(C-COaM in the defniUon of R« and said (C,-C.)a,koxy in the def^n^of R^.^ 
optionally and independently substituted with up to five fluoro; and R andR are 

each independently hydrogen or (CrOalkyI; or „.ri. r« R«>and 

G3andG*aretakentogetherandare(C,-C,)alkylene;r.s0or1;andR .R .R and 

G* are hydrogen; or ,„HRt» r« R»arid 

G^andG'aretakentogetherandare(C,-C3)alkylene;r.s0or1;andR .R .R and 

G' are hydrogen; . , ^ ■ 

R" is SO NR«R= CONR^^R^. (CrCs)alkoxycarbonyl. (C,-Ce)alkylcarbonyl. Ar^- 
carbonyl.\c,-Ce)alkylsulfonyl. (C,-Ce)alkylsuifinyl. Ar^-sulfonyl. Ar^-suf,nyl and (C,- 

and R= are token separately and are each independen«y selected from hydrogen, 
(C,-COalkyl.(C-C)cyoloalkylandAr=-<C.C,)alky.enyl;or 
R" and R= am taken together with the nitrogen atom to ivhich they are attached to 
fan. azetidmyl. pynolklinyl. pipertdinyl, piperarinyl. mon^holinyl, azep,nyl. 
a2abicyctol32.2lnonanyl.azabicyclo(2.2.1lheptyl.6,7^ihydro.5H. 
dihenzolcelazepinyl. ,.2.3.4.tetrahydro^so,uinoM or 5.6.7.e-tetrahydropyndo(4 3- 
dfcyhmidyt; said azeUdiny. in the de«on of R" and R= is optionaiiy subst,U,ted 
i™iependen«y with one stibstituent selected from hydroxy, amino, hydroxy-(C,- 
, Oancyl. (C,.C.)alkoxyKC,^,)alkyl. (COalky. op«ona,ly subs.tu.ed with up «.f«e 
and (C.^.)alkoxy optionally substituted with up to five .uoro; said pynohdinyl 
plpehdlnyl-azepinyl in the deWon of R=' and R= are optionally subsUluted 
independently with up to substlluents independently selected from hydroxy. 
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amino. hydroxy-(C,-C.)alkyl. (C,-C.)alkoxy-(C,-C.)alkyl. (C,-C.)alkyi optionally 
substituted with up to five fluoro and (C,.C.)aikoxy optionally substituted with up to five 
fluoro; said morpholinyl in the definition of R*^ and is optionally substituted with up 
to two substituents independently selected from hydroxy-CC-CJalkyi. (C,-C4)aikoxy- 
5 (CrCJalkyl. (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted vwth up to five fluoro; said piperazinyl in the definition of R^' and 
R= is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl. pyrimidyl. (C,-C,)alkoxycarbonyl and (C,-C4)alkyl 
optionally substituted with up to five fluoro; said 1.2.3.4-tetrahydro-isoquinolyl and said 
1 0 5.6.7.8-tetrahydropyrido[4.3-d]pyrimidyl in the definition of R^' and R^ are optionally 
substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(C,-C.)alkyl. (C,-C.)alkoxy-(C,-CJalkyl. (C,-C.)alkyl 
optionally substituted with up to five fluoro and (CrC.)alkoxy optionally substituted 
with up to five fluoro; and said 6.7Kjihydro-5H-<libenzo[c.e]azepinyl in the definition of 
1 5 R*' and R^ is optionally substituted with up to four substituents independently 

selected from hydroxy, amino, halo. hydroxy-(C,-C,)alkyl. (CrC,)alkoxy-{CrC,)alkyl. 
(CrC4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy optionally 
substituted with up to five fluoro; said pyrimidyl. pyridyl and phenyl which are 
optionally substituted on said piperazine in the definition of R'Vand R^ is optionally 
20 substituted with up to three substituents selected from hydroxy, amino. hydroxy-{C,- 
C4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. (CrCOalkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; 
Ar^ is independently defined as set forth for Ar and Ar' above; 
said Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; 
25 R° is CONR^R"® or SOzR^R*. wherein R^ is hydrogen (C,-C4)alkyl or Ar^-CQ,- 

C4)alkylenyl and R« is Ar^-(Co-C4)alkylenyl; provided that when Ar' is phenyl, naphthyl 
or biphenyl. then R« cannot be CONR^R* where R» is hydrogen or Ar' and R» Is 
Ar'; 

R" is hydrogen. (CrC4)alkyl. (C,-C4)alkoxycarbonyl. {C,-C4)alkoxy-(C,-C4)alkyl. 
30 hydroxy-(C,-C4)alkyl or phenyl optionally independently substituted with up to three 
hydroxy, halo. hydroxy-CCrQalkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (CrC4)alkyl or (C,- 
C4)alkoxy. wherein said (C,-C4)alkyl in the definition of R» and said (C,-G,)alkoxy in 
the definition of R«are optionally and independently substituted with up to five fluoro: 
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Ar^ is independently defined as set forth for Ar and Ar' above; 

said Ar^ is optionally independently substituted as set forth for Ar and Ar' above; 

is hydrogen or (Ci-C4)alkyl; 
R» and R« are each independently hydrogen, hydroxy, halo. hydroxy-(C,-C.)alkyl. 

5 (C,.C.)alkoxy.(C,-C.)alkyl. (C,-C.)alkyl optionally subsmuted with up to five fluoro. (C,- 
Oalkoxy optionally substituted with up to five fluoro. phenyl, pyridyl. pyrimidyl. tWeny 
flyl. thiazolyl. oxazolyl. phenoxy. thiophenoxy. SO.NR30R3^ coNR^R'' or NR J; 
said thienyl. pyrimidyl. furanyl. thiazolyl and oxazolyl in the definition of R» and R are 
optionally substituted by up to two hydroxy, halo. hydroxy.(C,-C.)alkyl. (C,-C.)alkoxy- 

10 (C-Cjalkyl. (C.-C.)alkyl optionally substituted with up to five fluoro or (C,-C.)alkoxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl. phenoxy and 
thiophenoxy in the definition of R- and R» are optionally substituted by up to three 
hydroxy, halo. hydroxy-(C.C.)alkyl. (C.C.)alkoxy-(C.C.)alkyl. (C.C.)alkyl optionally 
substituted witii up to five fluoro or (C,-C.)alkoxy optionally substituted with up to five 

15 fluoro; 

R» and R'' are each independentiy hydrogen. (C,-C,)alkyl. (C3-C,)cydoalkyl or 
phenyl said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
(C,-C.)alkyl. (C,-C.)alkoxy-(C,-C,)alkyl. (C,-C.)alkyl optionally substituted with up to 
five fluoro or (C,-C.)alkoxy optionally substituted with up to five fluoro; or 
20 R" and R- are taken together with the nitrogen to which they are attached to form 
indoiinyi. pyrrolidinyl. piperidinyl. piperazinyl or morphollnyl; said pyrrolidinyl and 
piperidinyl in the definition of R» and R- are optionally substituted with up to two 
hydroxy, amino. hydroxy-(C,-C.)alkyl. (C,-C.)alkoxy-(CrC.)alkyt. (C,-C.)alkyl 
optionally substituted with up to five fluoro or (C,-C.)alkoxy optionally substituted with 
25 up to five fluoro: said indoiinyi and piperazinyl in the definition of R» and R« are 
optionally substituted with up to three hydroxy, amino. hydroxy-(C,-C.)alkyl. (C,- 
C.)alkoxy-(C,-C.)alkyl. (C,-C.)alkoxycarbonyl. (C,-C.)alkyl optionally substituted w.th 
up to five fluoro or (C,-C.)alkoxy optionally substituted with up to five fluoro; said 
morpholinyl in tine definition of R» and R« is optionally substituted with up to two 
30 substituents independentiy selected from hydroxy-(C,-C.)alkyl. (CrCOalkoxy-(Cr 
CJalkyl. (C-COalkyl optionally substituted with up to five fluoro and (C^-C^alkoxy 
optionally substituted with up to five fluoro; 

A is N optionally substituted with hydrogen or (CrC.)alkyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-C4)alkyl; 
R« is hydrogen or (CrC4)alkyl; 

R» is phenyl, pyridyl. pyrimidyl, thiazolyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 
phthalizinyi. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl, isoquinolyl. 

phthalizinyi. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl and benzothienyl 
in the definition of R'' are optionally substituted with up to three phenyl, phenoxy. 
NR'^R*. halo, hydroxy. hydroxy-(C,-C4)alkyl. (C,-C4)aIkoxy-(CrC4)a!kyl. (CrCJalkyI 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 

10 up to five fluoro; 

R« and R"* are each independently hydrogen. (C,-C4 alkyi). phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R^ and R^ are optionally 
substituted with up to three halo, hydroxy. (CrC4)alkyl optionally substituted with up to 
five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; 

15 DisCO.CHOHorCHz; 
EisO. NHorS; 

R** and R" are taken separately and are each independently hydrogen, halo, cyano. 
hydroxy, amino. (CrCe)alkylamino. di-(CrC6)alkylamino, pynralidino, piperidino. 
morpholino. {CrC4)alkoxy-(CrC4)alkyl. hydroxy-(CrC4)alkyl. V. (C,-C4)alkyl 
20 optionally substituted with up to five fluoro or (CrC4)alkcxy optionally substituted with 
up to five fluoro; 

R", R^' and R*° are each independently hydrogen or {C,-C4)-alkyl; 

V is phenyl, furanyl. thienyl, pyridyl, pyrimidyl. pyrazinyl or pyridazinyl; said Ar^ being 
optionally substituted with up to three hydroxy. (CrC4)alkoxy-(CrC4)alkyl, halo, 

25 hydroxy-(Ci-C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optionally substituted with up to five fluoro; or 
R^ and R'^ are taken together on adjacent cart)on atoms and are -©-(CHaX-O-*. 
t is 1.2 or 3; 

Y is (C2-C6)alkylene; 

30 R**. R** and R*" are each independently hydrogen or (C,-C4)alkyl; 

m and n are each independently 1 . 2 or 3. provided that the sum of m and n Is 2, 3 or 

. 4; 

kis 0. 1.2. 3 or 4; 
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r is a covalent bond, carbonyl. sulfonyl or oxycarbonyl; 

R^3 is (C3-C.)cycloalky.. Ar^-(Co-C.)alkyleny.. NR^'R^« or (C,-Ce)a.kyl opt.or.a„y 

substituted with one to five fluoro; provided that when r is a covaler^t bond or 

nwcarbonvl then R*^ is not NR^^R^*; 
5 .BKen separately and a. each independency selected Uo. hyd^gen. 

Ai» (C,-C,)alM and Ar'-(C<,-C,)alkylenyl; or 

R"'and R" are taken together with the nitrogen atom to which they are attached to 
fcm,azetidlnyt,pynondihyl.pipe.idinyl.piperazinyl.rnorphollnyl.azep,nyl, 

az,bi^I3.2.21nonanyt, azabicydo[2.2.11hepty,. 1 .2.3,4-.etrahydro«o,u,no,y. 6.7- 
,0 dlhydr^SH^ibenzolcelazepiny, or 5.6,7.8-.etrahydropyridcl4.3^lpynn«iyl; said 
azetidin,. in the definition of R" and R« are optionally sul>stHuted with one hydroxy. 
an*», hydroxy-(C,-C.)alKyl, ,c,.C,)a,Koxy-(C,-C.)alM. (C-Wali,^ opttonally 
:l„.ted with up to .ve «uoro or (C,-C.,alKoxy optionai, subs..u.e<i w,m up to five 
fluoro; said pyrrotidinyl, piperidinyl and azeplnyl in the denniUon of ^ '^^^ 
15 optionally substituted with up to two hydroicy, amino. hydroxy-(C,-C,)all<yt.(C,- 

C )ail<oxy-(C,-CJall<yl. (C,-C,)a1kyl opUonally sut»tituted with up to Ave fluoro or (C- 
C^Z Uon* suhsmuted ,.th up to f,ve «uoro: sa. ™,pho.hyl in the def,n».on 
o, R« and R" is optionally substituted with up to two substltuents Independently 
selected from hydroxy-<C,-C.)alKyl. ,C,-C.)alkoxy-(C,.C.)alKyl. (C,-C,)alKyl op«ona^ 
20 substi,utedwithuptoflvefluoroand(C,-C,,alkoxyoplionallysubs«tutedv.th.^.o.ve 

(luoro- said piperazinyt. 1.2.3,4-letrahydroisoquinolyl and 5.6,7.8.tetrahydrot4.3. 
dlp^midyl in me def,nition of R" and R« are optonally subsMed with up .0 three 
hylxy. amino, halo, hydroxy-(C,-C,)alKyl, ,C,-a)al^xy^C,.:,)alKyt. (C.-C,^ M 
optionally subsUtuted with up to five fiuoro or (0,-C.)alkoxy optionally substituted w^ 
25 up u. five fiuoro; and said 6.7-dihydro5H^ibenzolce)azepinyl In the definiUon o^R 
and R- are optionally substituted wUh up to (our hydnwy. ammo, halo, hydroxy-(C,- 
C.)alkyl, (C,-C,)alkoxy-(C,-C,)alkyl. (C,-C,)alkyl opHooaily substituted with up to five 
fiuoro or (C,-C,)alkoxy optionally substituted with up to (We fiuoro; 
At' is independently defined as set forth (or Ar and AT' above; 
30 AfisoptionallyindependentlysubstitutedassetforthforArandAr'above; 

H" andV ate lndependen% hydrogen. (C,-C)cydoalkyl. A-'^C^Jalkylenyl. A,"- 
(CVOalkenyl. Ar'-carbonyl or (C,-C.)alkyl optionally substituted with up to five duoro; 
Ar« is independently defined as set forth for Ar and AT' above; 
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10 



15 



20 



A,B is optionally independently substituted as set forth for Ar and Ar' above; and 
R*' and R*" are each independently hydrogen or (C,-C4)alkyl. 

A compound of formula 1* selected from iR.(4-{4.(2-(1R-butyryloxy-ethyl)- 
pyrimidin.4-yll-2R.6S-dimethyl-pipera2in-1-ylhpyrimidin-2-yl)-ethylbutyr^ 
r2-(1S-butyryloxy-ethyl)-pyrimidin-4-yn-2R,6S-dimethyl-piperazin-1-yl}-pyri^^^^^ 
ethyl butyrate; iS-(4-{4.[2.(1R-butyry»0)cy-ethyl)-pyrimidin-4-yI]-2R.6S-dimethyl- 
piperazin-1-yl}-pyrimidin-2.yl)-ethyl butyrate; (E)-1R-{4-l4-(2-methyl-32-phenyl- 
acryloyl)-piperazin.1.yO-pyrimidln-2-yW acetate; (R)-1-[4^ 
piperazin-1-ylH.yrimidin-2-yn-ethyl acetate; lR-(4-{4-[2-(1RS-hydroxy-ethyl)- 
pyrimidin^-yn-2R.6S-dimethyl-piperBZin-1-yl}-pyrimidin.2-yl)-ethylbutyra^^ 
{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yI>3R.5SKiimethyl-piperazin-1-yiVpy^^ 
ethyl butyrate; 1R-[4-(3S-methyl-4-oxazolol5,4-blpyridin-2-yl-piperazin-1-yl)-pynm.d.n- 

2.yq-ethylbutyrate;1R-{4-l3R.5S-dimethyM-(4-methyl-6-phenyl-[1.3,5]tnaz.n-2-ylV 

piperazin-1-yn-pyrimidin-2-yl}-ethyl butyrate; 1R-{4-t4-(4-cydopropyK 
y|).3R.5S-dimethy|.piperazin-1-yll-pyrimidin-2-yl}-ethyl butyrate; 1R-{4-l4-(^^ 
cyclopropyl-l1.3.5]triazin-2-yl)-2R.6S-d.methyl-piperazin-1-yI]-pyrim.din^ 
butyrate; 1R-{4-l4-{4.6-dimethyl-[1.3.5]triazin-2-yl)-2R.6S-dimethyl-piperazin-1-yO- 
pyrimidin-2-ylHthyl butyrate; iR.{4-l4-(4-hydroxymethyl-6-phenyl-[1 .3.5]triazm-2-yl)- 
' 2R6S-^methyl-piper^n-1.yll-pyrimidin-2-yI}-ethy. butyrate; 

memoxymethyK1.3.5]triazin-2-yl)-R.6S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}^^^^^ 
butyrate; and 1RH4-l2R.6S-dimethyl-4-(4-methyl-[1.3.5]triazin-2-yl)-piperaz.n-1-^^^ 

pyrimidln-2-yl}-ethyl butyrate. ^ 
This invention is also directed to a mutual prodrug of the fomnula I . 




25 

wherein: 

R^ is C-(OR•^)R*R^ where R*^ is independently an acyl radical of a carboxylic aad 
aldose reductase inhibitor, 

R* and R» are each Independently hydrogen, methyl, ethyl or hydroxy-(CrC,)alkyl; 
30 R^ Is hydrogen. (CrC«)alkyl or (CrC4)alkoxy; 
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wherein said radical of formula is substituted by R*. R' and R*; 

said radical of formula R* is substituted by R". R" and R^: 

G. G' and G^ are taken separately and are each hydrogen and R' is hydrogen. (C,- 

5 C4)alkyl. (CrC4)alkoxycarbonyl. (C,-C4)alkoxy-(C,-C,)alkyl. hydroxy-(CrCJalkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl. (C,-CJalkoxy-(C,-CJalkyl, (C-CJalkyI or (C,-CJalko)cy. wherein said 
(C,-C4)alkyl in the definition of R* and said (C,-C4)alkoxy in the definition of R^'are 
optionally and independently substituted with up to five fluoro; R' and R' are each 

1 0 independently hydrogen or (C,-C4)alkyl; or 

G and G' are taken together and are (C,-C3)alkylene and R^ R'. R' and G= are 
hydrogen; or 

G' and G' are taken together and are (C,-C3)alkytene and R^ R'. R* and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond. -(C=NR^°)-. oxycarbonyl, vinylenylcarbonyl. oxy(C,- 
C4)alkylenylcarbonyl. (C,-C4)alkylenylcarbonyl. (C3-C4)alkenylcarbonyl. thio(Cr 
C4)alkylenylcartonyl. vinylenylsulfonyl. sulfinyl-(CrC4)alkylenylcarbonyl, sulfonyl-(C,- 
C4)alkylenylcarbonyl or carbonyl(Co-C4)alkylenylcarbonyl; wherein said oxy(Cr 

20 Oalkyienylcarbonyl. (C,-C4)alkyienylcarbonyl, (C3-C4)alkenylcarbonyl and thio(C,- 
C4)alkylenylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (CrC4)alkyl. benzyl or Ar; said vinylenylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 
or two vinylenyi cartaons with (CrC4)alkyl. benzyl or Ar. and said carbonyl(Co- 

25 C4)alkylenylcarbonyl in the definition of X is optionally substituted indepedently with up 
to three (C,-C4)alkyl. benzyl or Ar, 
R'" is hydrogen or (C,-C4)alkyl; 

R" is (CrC,)cycloalkyl. Ar^-(Co-C,)alkyienyl or (C,-C6)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 
30 (Ci-C4)alkylenylcarbonyl, then R' is not (CrC6)alkyl; 

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatoms selected 
independently from oxygen, sulfur and nitrogen, or a bicydic ring consisting of two 
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fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
5 to seven membered rings, taken independently, optionally having up to four 

heteroatoms selected Independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or 
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or 
two 0X0 groups substituted on sulfur. 
10 Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring 
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic. or on one. two 
or three rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R«. R" and R'*; wherein R". R«. R" and R'« are 
each taken separately and are each independently halo, fonnyl, (C,- 
1 5 C6)alkoxycarbonyl, (C,-C6)alkylenyloxycarbonyl, (C,-C4)alkoxy-(C,-C4)alkyl, 
C(OH)R'*R'*. naphthyl, phenyl, imidazolyl, pyridyl, triazolyl. morpholinyl, (Co- 
CJalkylsulfamoyl. N-{Co-C,)alkylcarbamoyl, N.N-di-{C,-C,)aIkylcarbamoyl. N- 
phenylcartDamoyl, N-(C,-C4)alkyl-N-phenylcarbamoyl. N.N^iphenyl cartDamoyl. (C,- 
C4)alkylcartonylamido. {C3-C,)cycloalkyicarbonylamido. pheriylcartjonylamido. ' 
20 piperidinyl. pyrrolidinyl, piperazinyl. cyano, benzimidazolyl. amino, anilino. pyrimidyl. 
oxazolyl. isoxazolyl, tetrazolyl, thlenyl. thiazolyl. benzothiazolyl, pyrrolyl. pyrazolyl. 
tetrahydroquinolyl, tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy, 
pyridylsulfanyl, furanyl. 8-(C,-C,)alkyl-3.8-diaza[3.2.1]bicyclooctyl. 3.5-dioxo-1.2.4- 
triazinyl. phenoxy. thiophenoxy. (C,-C,)alkylsulfanyl. (C,-C4)alkylsulfonyl. (C,- 
25 Ocycloalkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said naphthyl. phenyl, pyridyl. piperidinyl. 
benzimidazolyl. pyrimidyl, thienyl. benzothiazolyl. pyrrolyl. tetrahydroquinolyl, 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy, pyridylsulfanyl. furanyl. 
thiophenoxy. anilino and phenoxy in the definition of R", R«. R'* and R" are 
30 optionally substituted with up to three substituents Independently selected from 

hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. {C,.C4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluora; said imidazolyl. oxazolyl, isoxazolyl. thiazolyl and pyrazolyl in the definition of 
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R'\ R'^ R^^ and R^^are optionally substituted with up to two substituents 
independently selected from hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(Cr 
C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally substituted with up to five fluoro; said morpholinyl in the definition of R'\ 

5 R^^ R^^ and R^^ is optionally substituted with up to two substituents independently 
selected from (CrC4)alkyl; said pyn-olidinyl in the definition of R^\ R'^ R'^ and R'' is 
optionally substituted with up to two substituents independently selected from hydroxy. 
hydroxy-(CrC3)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said 

10 piperazinyl in the definition of R'\ R'\ R^^ and R'' is optionally substituted with up to 
three substituents independently selected from (Ci-C4)alkoxy-(Ci-C4)alkyl, hydroxy- 
(CrC3)alkyl. phenyl, pyridyl, (Co-C4)alkylsulfamoyl, {CrC4)alkyl optionally substituted 
with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said 
triazolyl in the definition of R'\ R'^ R'^ and R'' is optionally substituted with hydroxy, 

1 5 halo. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 

substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said tetrazolyl in the definition of R'\ R'\ R'' and R^'is optionally substituted 
with hydroxy-(C2-C3)alkyI or (CrC4)alkyl optionally substituted with up to five fluoro; 
and said phenyl and pyridyl which are optionally substituted on piperazine in the 

20 definition of R'\ R'\ R'^ and R^' are optionally substituted with up to three hydroxy, 
halo, hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; or 

R" and R^^ are taken together on adjacent carbon atoms and are 
25 -CH20C(CH3)20CH2- or -0-(CH2)p-0% and R'^ and R'' are taken separately and are 
each independently hydrogen or (CrC4)aIkyl; 
pis 1,2 or 3; 

R^^ and R^^ are taken separately and are each independently hydrogen, (CrC4)aIkyl 
optionally substituted with up to five fluoro; or R^^ and R^^ are taken separately and R'® 
30 is hydrogen and R'^ is (C3-C6)cycloalkyl. hydroxy-(CrC3)alkyl. phenyl, pyridyl. 
pyrimidyl. thienyl. furanyl, thiazolyl. oxazolyl, imidazolyl. benzothiazolyl or 
benzoxazolyl; or R'^ and R'^ are taken together and are (C3-C6)alkylene; 
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G^ G" and are taken separately and are each hydrogen; r is 0; R" is hydrogen. 
(c!-C,)alkyl. (C,-C4)alkoxycarbonyl. (CrC.)alkoxy-(C,-C4)alkyl. hydroxy-(CrC.)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl. (CrC4)alkoxy.(C,-C4)alkyl. (CrC,)a!kyl or (CrC4)alkoxy. wherein said 
5 (C,-C4)alkyl in the definition of R« and said (C,-C4)alkoxy in the definition of R« are 
optionally and independently substituted with up to five fluoro; and R^' and R» are 
each independently (Ci-C4)alkyl; or 

G'. and G* are taken separately and are each hydrogen; r is 1 ; R'* is hydrogen. 

(CrC4)alkyl. (CrC4)alkoxycarbonyl. (CrC4)alkoxy-(CrC4)alkyl. hydroxy-(C,-C4)aIkyl or 
1 0 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 

(CrC4)alkyl, (C,-C4)alkoxy-(C,-C4)alky!. (C,-C4)alkyi or (C,-C4)alkoxy. wherein said 

(C,-C4)alkyl in the definition of R* and said (C,-C4)alkoxy in the definition of R'are 

optionally and independently substituted with up to five fluoro; and R'" and R» are 

each independently hydrogen or {C,-C4)alkyl; or 
1 5 G' and G* are taken together and are (CrC3)alkylene; r is 0 or 1 ; and R". R". R* and 

G* are hydrogen; or 

G* and G' are taken together and are (CrC3)alkylene; r is 0 or 1; and R^', R". R^ and 
G' are hydrogen; 

R'^ is SOjNR^R^. CONR^'R^. {CrC6)alkoxycarbonyl. (Ci-C6)alkylcarbonyl, Ar*- 
20 carbonyl. (C,-C6)alkylsulfonyl, (C,-C6)alkylsulfinyl. Ar^-sulfonyl. Ar^-sufinyl and (C,- 
C6)alkyl; 

R^^ and R" are taken separately and are each independently selected from hydrogen. 

{CrC6)alkyl. (C3-C7)cydoalkyl and Ar*-(Co-C4)alkylenyl; or 

R^' and R= are taken together with the nitrogen atom to which they are attached to 

25 form azetidinyl. pyrrolidinyl. piperidinyl. piperazinyl. morpholinyl. azepinyl. 
azabicyclo[3.2.2]nonanyl. azabicyclol2.2.1]heptyl. 6.7-dihydro-5H- 
dibenzolcejazepinyl. 1.2.3.4-tetrahydro-isoquinolyl or 5.6,7.8-tetrahydropyrido[4.3- 
d]pyrimidyl; said azetidinyl in the definition of R^' and R^ Is optionally substituted 
independently with one substituent selected from hydroxy, amino. hydrDxy-(Cr 

30 C4)alkyl, (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl. 
piperidinyr, azepinyl in the definition of R" and R'* are optionally substihjted 
independently with up to two substituents independently selected from hydroxy. 
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amino. hydroxy-(C,-C4)alkyl. {CrC4)alkoxy-(C,-C4)alkyl, (CrCJalkyI optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said morpholinyl in the definition of R^^ and is optionally substituted with up 
to two substituents independently selected from hydroxy-(CrC4)alkyl, (C,-C4)alkoxy- 
5 (CrC4)alkyl. (Ci-C4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R^' and 
R^ is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl. pyrimidyl. (CrC4)alkoxycarbonyl and (CrC4)alkyl 
optionally substituted with up to five fluoro; said 1.2.3.4-tetrahydroHSoquinolyl and said 
1 0 5,6,7,8-tetrahydropyrido[4.3-d]pyrimidyl in the definition of R^' and R^ are optionally 
substituted Independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro and (CrC4)a!koxy optionally substituted 
with up to five fluoro; and said 6,7-dihydro-5H-diben2o[c.e]a2epinyl in the definition of 
1 5 R^^ and R^ is optionally substituted with up to four substituents independently 

selected from hydroxy, amino, halo, hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. 
(CrC4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy optionally 
substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyl which are 
optionally substituted on said piperazine in the definition of R^^ and R^ is optionally 
20 substituted with up to three substituents selected from hydroxy, amino. hydroxy-(Cr 
C4)alkyl, (Ct-C4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted wiUi up to five fluoro; 
Ar^ is independenfly defined as set fortti for Ar and Ar^ above; 
said Ar^ is optionally independenfly substituted as set forth for Ar and Ar^ above; 
25 R» is CONR«R» or SO^R^R^, wherein R« is hydrogen (CrC4)alkyl or Ar3-(Co- 

C4)alkylenyl and R« is Ar^-(Co-C4)alkylenyl; provided ttiat when Ar* is phenyl, naphthyl 
or biphenyl, flien R^' cannot be CONR^R^^ where R^ is hydrogen or Ar^ and R^ is 
Ar^; 

R"" is hydrogen. (CrC4)alkyl, (CrC4)alkoxycart)onyl, (CrC4)alkoxy-(CrC4)alkyl, 
30 hydroxy-(CrC4)alkyl or phenyl optionally independenfly substituted with up to ttiree 
hydroxy, halo. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl or (Cr 
C4)alkoxy. wherein said (CrC4)alkyl in the definition of R« and said (CrC4)alkoxy in 
tiie definition of R®are optionally and independenfly substituted wiUi up to five fluoro; 
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Ar' is independently defined as set forth for Ar and Ar' above; 
said Ar* is optionally independently substituted as set forth for Ar and Ar' above; 
is hydrogen or (Ci-C4)alkyl; 

and R'* are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C4)alkyl. 

5 {C,-C4)alkoxy-(CrC,)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro. (C,- 
COalkoxy optionally substituted with up to five fluoro. phenyl, pyridyl. pyrimidyl. thienyl. 
furanyl. thiazolyl. oxazolyl. phenoxy. thiophenoxy. S02NR»R^\ CONR«>R'' or NR"R^'; 
said thienyl. pyrimidyl. furanyl, thiazolyl and oxazolyl in the definition of R" and R» are 
optionally subsftuted by up to two hydroxy, halo. hydroxy-(CrC4)alkyl. (C,-C4)alkoxy- 

1 0 (C,-C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (CrC4)alkoxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl. phenoxy and 
thiophenoxy in the definition of R» and R" are optionally substituted by up to three 
hydroxy, halo, hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-{C,-C4)alkyl. {C,-C4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 

15 fluoro; 

R» and R" are each independently hydrogen. (C,-C4)alkyl. (Cj-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl. (CrC4)alkoxy-{CrC4)alkyl. {C,-C,)a\k^\ optionally substituted with up to 
five fluoro or.(C,-C4)alkoxy optionally substituted with up to five fluoro; or 

20 R" and R'' are taken together with the nitrogen to which they are attached to form 
indolinyl. pyrrolidinyl. piperidinyl. piperazinyl or morpholinyl; said pyrrolidinyl and 
piperidinyl in the definition of R" and R" are optionally substituted with up to two 
hydroxy, amino. hydroxy-(C,-C4)alkyl, (C,-C4)alkoxy-(C,-C4)alkyl. (CrC4)aikyl 
optionally substituted with up to five fluoro or {CrC4)alkoxy optionally substituted with 

25 up to five fluoro; said indolinyl and piperazinyl in the definition of R* and R^' are 
optionally substituted with up to three hydroxy, amino, hydroxy-(C,-C4)alkyl, (C,- 
C4)alkoxy-(C,-C4)alkyl. {CrC4)alkoxycarbonyl. (CrC4)alkyl optionally substituted with 
up to five fluoro or (C,-C4)alkoxy optionally substituted wiUi up to five fluoro; said 
morpholinyl in the definition of R* and R*' is optionally substituted wiUi up to two 

30 substituents independentiy selected from hydroxy-(CrC4)aIkyl. (CrC4)alkoxy-(C,- 
C4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted witii up to five fluoro; 

A is N optionally substituted witti hydrogen or (CrC4)alkyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (CrC4)alkyl; 
is hydrogen or (CrC4)alkyl; 

is phenyl, pyridyl, pyrimidyi, thiazolyl, oxazolyl. benzyl, quinolyl. isoquinolyl. 
phthalizinyl. quinoxanlyl. benzothiazoyi, benzoxazolyl, benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyi, thiazolyl. oxazolyl, benzyl, quinolyl. isoquinolyl, 

phthalizinyl. quinoxanlyl, benzothiazoyi, benzoxazolyl. benzofuranyl and benzothienyl 
in the definition of R^ are optionally substituted with up to three phenyl, phenoxy, . 
NR^R^. halo, hydroxy. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 

10 up to five fluoro; 

R^ and R^ are each independently hydrogen. (CrC4 alkyi), phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R^ and R^ are optionally 
substituted with up to three halo, hydroxy, (CrC4)alkyl optionally substituted with up to 
five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; 

15 DisCO.CHOHorCHa; 
EisO,NHorS; 

R^ and R^ are taken separately and are each independently hydrogen, halo, cyano. 
hydroxy, amino, (CrC6)alkylamino, di-(Ci-C6)alkylamino, pyn-olidino, piperidino, 
morpholino, (Ci-C4)alkoxy-(CrC4)alkyl, hydroxy-(CrC4)alkyl, Ai^, (Ct-C4)alkyl 
20 optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; 

R". R^^ and R^ are each independently hydrogen or (CrC4)-alkyl; 

Ar^ is phenyl, furanyl, thienyl, pyridyl. pyrimidyi, pyrazinyl or pyridazinyl; said Ar^ being 

optionally substituted with up to three hydroxy, (Ci-C4)alkoxy-(CrC4)alkyl. halo, 
25 hydroxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (C,- 

C4)alkoxy optionally substituted with up to five fluoro; or 

and R^^ are taken together on adjacent carbon atoms and are -©-(CHjX-O-; 

tis 1.2 or 3; 

Y is (C2-C6)alkylene; 
30 R^. R** and R^ are each independently hydrogen or (CrC4)aIkyl; 

m and n are each independently 1 , 2 or 3. provided that the sum of m and n is 2, 3 or 

4; 

kis 0, 1,2, 3 or 4; 
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Y' is a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 
R*^ is (C3-C7)cycloalkyl, Ar'-(Co-C4)alkylenyl. NR'W* or (CrC6)alkyl optionally 
substituted with one to five fluoro; provided that when Y' is a covalent bond or 
oxycarbonyl, then R*^ is not NR*^R*®; 
5 R*^ and R** are taken separately and are each independently selected from hydrogen, 
Ar^, (CrC6)aikyl and Ar^-{Co-C4)alkylenyl; or 

R*^ and R^ are taken together with the nitrogen atom to which they are attached to 
forni azetidinyl. pyn^olidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl, 
azabicyclo[3.2.2]nonanyl. azabicyclo[Z2.1]heptyl. 1 .2.3.4-tetrahydroisoquinolyl, 6,7- 

1 0 dihydro-5H-dibenzo[c,e]azepinyl or 5,6,7,8-tetrahydropyridd[4.3-d]pyrimidyl; said 
azetidinyl in the definition of R'^ and R"* are optionally substituted with one hydroxy, 
amino. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro or (Ci-C4)alkoxy optionally substituted with up to five 
fluoro; said pyrrolidinyl. piperidinyl and azepinyl in the definition of R*^ and are 

1 5 optionally substituted with up to two hydroxy, amino, hydroxy-(CrC4)alkyl. (C^ 

C4)alkoxy-(CrC4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro or (C|- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R*^ and R^ is optionally substituted with up to two substituents independently 
selected from hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{CrC4)alkyl. (CrC4)alkyl optionally 

20 substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl, 1,2,3.4-tetrahydroisoquinolyl and 5,6,7.8-tetrahydro[4,3- 
d]pyrimidyl in the definition of R^^ and R** are optionally substituted with up to three 
hydroxy, amino, halo. hydroxy-(CrC4)alkyl. (Ct-C4)alkoxy-{CrC4)alkyl. {C,-C4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 

25 up to five fluoro; and said 6.7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R^^ 
and R^ are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(Ci- 
C4)alkyl, (CrC4)alkoxy-(C,-C4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro or {CrC4)alkoxy optionally substituted with up to five fluoro; 
Af^ is independently defined as set forth for Ar and Ar' above; 

30 Ar* is optionally independently substituted as set forth for Ar and Ar^ above; 

R*2 and R^^ are independently hydrogen, {C3-C7)cycloalkyl, Ar*-(Co-C3)alkylenyI. Ar^- 
(C2-C4)alk6nyl. Ar*-carbonyl or (CrC6)alkyl optionally substituted with up to five fluoro; 
Ai* is independently defined as set fortti for Ar and Ar^ above; 
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10 



15 



Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; and 
R'^ and R''^ are each independently hydrogen or (CrC^jalkyl. 

A preferred group of compounds within the compound of formula 1^ are those 
compounds wherein R®^ is the acyl radical of ponalrestat, tolrestat. zenarastat. 
zopolrestat, epalrestat. ZD5522 or sorbinil. 

Especially preferred mutual prodrugs of this invention are selected from (E)- 
[4-oxo-3-(5-trifluoromethyl-ben20thiazol-2-ylmethyl)-3.4-dihydro-phthalazin-1-yl]- 
acetic acid 1R-[4-(4-quinoxalin-2-yl-piperazin-1-yl)-pyrimidin-2-yl]-ethyl ester and 
(E)-[4-Oxo-3-(5-trif)uoromethyl-benzothiazol-2-ylmethyl)-3,4-dihydro-phthalazin-1- 
yl]-acetic acid 1 R-{4-[4-(3-thiophen-2-yl-acryloyl)-piperazin-1-yl]-pyrimidin-2-yl}-ethyl 
ester. 

This invetion is also directed to intermediate compounds of the formula Z 



Me 

Z 

This invention is still further directed to intermediate compounds, designated 
Group AA, of the formula ZZ. 

OH 



wherein R'°° is (C,-Ce)alkyl, benzyl or phenyl wherein said benzyl and phenyl are 
optionally substituted with up to three halo or (CrC4)alkyl. 

A prefen-ed group of compounds within Group AA. designated Group AB, are 
those compounds wherein R^°° is (Ct-C4)alkyl. 

More prefen-ed compounds within the Group AB are those compounds 
wherein R^** is n-butyl or ethyl. 
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This invention is still further directed to a compound of the formula ZZ2, 




Me 

zzz 



wherein: 

5 R^^ is (CrCa)alkyl, benzyl or phenyl wherein said benzyl and phenyl are optionally 
substituted with up to three halo or (CrC4)alkyl; and 
R^°^ is hydrogen or a suitable amine protecting group. 

A preferred group of compounds of formula ZZZ, designated Group AC. are 
those compounds wherein is (CrC4)alkyl and R'**' is benzyl or tert- 
10 butyloxycarbonyl. 

A prefen-ed group of compounds within the Group AC are those compounds 
wherein R^~ is n-butyl or ethyl and R^*^^ is benzyl. 

Another preferred group of compounds within the Group AC are those 
compuunds wherein R'~ is n-butyl or ethyl and R'°' is tert-butyloxycarbonyl. 
1 5 This invention is also directed to a process for preparing a compound of the 

formula Z, 



OH 




Me 

Z 



comprising: 
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a) reacting R-(+)-2-hyclroxy-propionamide with triethyloxonium 
tetrafluoroborate in a reaction inert solvent for 10 minutes to 24 hours at 0 °C to 
ambient temperature to form the corresponding imidate; 

b) reacting said corresponding imidate with anhydrous ammonia in a 

5 reaction inert solvent for 2 hours to 24 hours at 0 ""C to ambient temperature to form 
R-(+)-2-hydroxy-propionamldine hydrochloride; and 

c) reacting said R-(+)-2-hydroxy-propionamidine hydrochloride with ethyl 
3-hydroxy-acrylate sodium salt and a suitable base in a reaction inert solvent to form 
said compound of formula Z. 

10 This invention is also directed to a phamiaceutical composition, designated 

Composition AA, comprising a compound of claim 1 , a prodrug thereof or a 
phannaceuticaily acceptable salt of said prodrug or said compound, and a glycogen 
phosphorylase inhibitor (GPI). a prodmg of said GPI or a phannaceutically acceptable 
salt of said GPI or said prodrug. 

1 5 This invention is also directed to a kit comprising: 

a. a compound of daim 1 . a prodrug thereof or a 
pharmaceutically acceptable salt of said prodrug or said compound in a first unit 
dosage form; 

b. a glycogen phosphorylase inhibitor (GPI). a prodrug thereof or 
20 a pharmaceutically acceptable salt of said prodrug or said GPI in a second unit 

dosage form; and 

c. a container. 

This invention is also directed to a method of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal a 
25 pharmaceutical composition of Composition AA. 

This invention is also directed to a method of treating hyperglycemia in a 
mammal comprising administering to said mammal a pharmaceutical composition of 
Composition AA. 

This invention is also directed to a method of treating ischemia in a mamnnal 
30 suffering from ischemia comprising administering to said mammal a phamiaceutical 
composition of Composition AA. 
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This invention is also directed to a method of treating diabetes in a mammal 
comprising adminstering to said mammal a pharmaceutical composition of 
Composition AA. 

This invention is also directed to a method of treating diabetic complications in 
a mammal comprising adminstering to said mammal a compound of fonnula I, a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodmg and a glycogen phosphorylase inhibitor (GPI). a prodmg of said GPI or a 
pharmaceutically acceptable salt of said GPI or said prodrug. 

This invention is also directed to a method of treating hyperglycemia in a 
mammal comprising administering to said mammal a compound of formula i, a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug and a glycogen phosphorylase inhibitor (GPI). a prodnjg of said GPI or a 
phamiaceutically acceptable salt of said GPI or said prodmg. 

This invention is also directed to a method of treating ischemia in a mammal 
comprising adminstering to said mammal a compound of fonmula I, a prodmg thereof 
or a phanmaceutically acceptable salt of said compound or said prodmg and a 
glycogen phosphorylase inhibitor (GPI). a prodmg of said GPI or a phamiaceutically 
acceptable salt of said GPI or said prodmg. 

This invention is also directed to a method of treating diabetes in a mammal 
comprising administering to said mammal a compound of formula I, a prodmg thereof 
or a pharmaceutically acceptable salt of said compound or said prodmg and a 
glycogen phosphorylase inhibitor (GPI), a prodmg of said GPI or a pharmaceutically 
acceptable salt of said GPI or said prodmg. 

The subject invention also includes isotopically-labeled compounds, which are 
identical to those recited in Fonnula I. but for the fact that one or more atoms are 
replaced by an atom having an atomic mass or mass number different from the 
atomic mass or mass number usually found in nature. Examples of isotopes that can 
be incorporated into compounds of the invention include isotopes of hydrogen, 
carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine and chlorine, such as H 'H. 
"C. ^*C. ^^N. «0. "O, ^'P. ^P. ''F and ^Cl. respectively. Compounds of the 
present invention, prodmgs thereof, and phanmaceutically acceptable salts of said 
compounds or of said prodmgs which contain the aforementioned isotopes and/or 
other isotopes of other atoms are within the scope of this invention. Certain 
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isotopically-labeled compounds of the present invention, for example those into which 
racioactive isotopes such as and ^^C are incorporated, are useful in drug and/or 
substrate tissue distribution assays. Tritiated, i.e., ^H. and carbon-14, i.e., ^^C. 
isotopes are particularly preferred for their ease of preparation and detectability. 
5 Further, substitution with heavier isotopes such as deuterium, i.e.. ^H. can afford 
certain therapeutic advantages resulting from greater metabolic stability, for example 
increased in vivo half-life or reduced dosage requirements and. hence, may be 
preferred in some circumstances. Isotopically labeled compounds of Formula I of this 
invention and prodrugs thereof can generally be prepared by carrying out the 

1 0 procedures disclosed in the Schemes and /or in the Examples and Preparations 
below, by substituting a readily available isotopically labeled reagent for a non- 
isotopically labeled reagent 

The term "reduction" is intended to include partial prevention or prevention 
which, although greater than that which would result from taking no compound or from 

15 taking a placebo, is less than 100% in addition to substantially total prevention. 

The tenm "damage resulting from ischemia" as employed herein refers to 
conditions directly associated with reduced blood flow to tissue, for example due to a 
clot or obstruction of blood vessels which supply blood to the subject tissue and which 
result, inter alia, in lowered oxygen transport to such tissue, impaired tissue 

20 perfonnance, tissue dysfunction and/or necrosis. Alternatively, where blood flow or 
organ perfusion may be quantitatively adequate, the oxygen carrying capacity of the 
blood or organ perfusion medium may be reduced, e.g., in hypoxic environment, such 
that oxygen supply to the tissue is lowered, and impaired tissue performance, tissue 
dysfunction, and/or tissue necrosis ensues. 

25 The term "treating", "treaf or "treatment as used herein includes preventative 

(e.g., prophylactic) and palliative treatment 

By "pharmaceutically acceptable" it is meant the carrier, diluent, exdpients, 
and/or salt must be compatible with the other ingredients of the formulation, and not 
deleterious to the recipient thereof. 

30 The expression "prodrug" refers to compounds that are drug precursors which 

following administration, release the drug in vivo via some chemical or physiological 
process (e:g., a prodrug on being brought to the physiological pH or through enzyme 
action is converted to the desired drug fbnn). 
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This invention is further directed to compounds whicti are mutual prodrugs of 
aldose reductase inhibitors and sorbitol dehydrogenase inhibitors. By mutual prodrug 
is meant a compound which contains two active components, in this case, an aldose 
reductase inhibitor and a sorbitol dehydrogenase inhibitor, which, following 
5 administration, is cleaved, releasing each individual active component. Such mutual 
prodmgs of an aldose reductase inhibitor and a sorbitol dehydrogenase inhibitor are 
fornied under standard esterificatlon conditions well known to those skilled in the art. 

By alkylene is meant saturated hydrocarbon (straight chain or branched) 
wherein a hydrogen atom is removed from each of the terminal carbons. Exemplary of 
1 0 such groups (assuming the designated length encompasses the particular example) 
are methylene, ethylene, propylene, butylene. pentylene, hexylene, heptylene. 

By halo is meant chloro, bromo, iodo, or fluoro. 

By alkyi is meant straight chain saturated hydrocarbon or branched saturated 
hydrocarbon. Exemplary of such alkyI gnjups (assuming the designated length 

1 5 encompasses the particular example) are methyl, ethyl, propyl, isopropyl, butyl, sec- 
butyl, tertiary butyl, pentyl. isopentyl. neopentyl. tertiary pentyl. 1-methylbutyl. 2- 
methylbutyl, 3-methylbutyl. hexyl, isohexyl. heptyl and octyl. 

By alkoxy is meant straight chain saturated alkyI or branched saturated alkyI 
bonded through an oxygen. Exemplary of sudi alkoxy groups (assuming the . 

20 designated length encompasses the particular example) are methoxy. ethoxy, 
propoxy. isopropoxy. butoxy. isobutoxy. tertiary butoxy. pentoxy, isopentoxy. 
neopentoxy. tertiary pentoxy. hexoxy. isohexoxy. heptoxy and octoxy . 

It is to be understood that if a cartocyclic or heterocyclic moiety may be 
bonded or othenvise attached to a designated substrate through differing ring atoms 

25 without denoting a specific point of attachment, then all possible points are intended, 
whether through a carbon atom or, for example, a trivalent nitrogen atom. For 
example, the tenn "pyridyl" means 2-. 3-. or 4-pyridyl. the temi 'thienyr means 2-. or 
3-thienyl. and so forth. 

The expression "phamiaceutically-acceptable salt" refers to nontoxic anionic 
30 salts containing anions such as (but not limited to) chloride, bromide, iodide, sulfate, 
bisulfate. phosphate, acetate, maleate, fumarate, oxalate, lactate, tartrate, citrate, 
gluconate; methanesulfonate and 4-toluene-sulfonate. Where more than one basic 
moiety exists the expression includes multiple salts (e.g., di-salt). The expression also 
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refers to nontoxic cationic salts such as (but not limited to) sodium, potassium, 
calcium, magnesium, ammonium or protonated benzathine (N.N • 
dibenzylethylenediamine). choline, ethanolamine, diethanolamine, ethylenediamine, 
meglamine (N-methyl-glucamine). benethamine (N-benzylphenethylamine). 
5 piperazine or tromethamine {2-amino-2-hydroxymethyl-1 .3-propanediol). 

As used herein, the expressions "reaction inert solvent" and "inert solvenr 
refers to a solvent or mixture of solvents which does not interact with starting 
materials, reagents, intennediates or products in a manner which adversely affects 
the yield of the desired product 

10 The chemist of ordinary skill will recognize that certain compounds of formula 1 

of this invention will contain one or more atoms which may be in a particular 
stereochemical or geometric configuration, giving rise to stereoisomers and 
configurational isomers. All such isomers and mixtures thereof are included in this 
invention. Compounds of formula I may be chiral. In such cases, the isomer wherein 

15 has the R configuration is prefen-ed. Hydrates of the compounds of formula I of this 
invention are also included. 

The chemist of ordinary skill in the art will also recognize that certain 
compounds of formula I of this invention can exist in tautomeric fomn. i.e., that an 
equilibrium exists between two isomers which are in rapid equilibrium with each other. 

20 A common example of tautomerism is keto-eno! tautomerism, i.e., 




Examples of compounds which can exist as tautomers include hydroxypyridines, 
hydroxypyrmidines and hydroxyquinolines. Other examples will be recognized by 
those skilled in the art. Alt such tautomers and mixtures thereof are included in this 
25 invention. 

DMF means N,N-dimethylformamide. DMSO means dimethyl sulfoxide. THF 
means tetrahydrofuran. 

Whenever the structure of a cyclic radical is shown with a bond drawn from 
outside the ring to inside the ring, it will be understood by those of ordinary skill in the 
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art to mean that the bond may be attached to any atom on the ring with an available 
site for bonding. If the cyclic radical is a bicyclic or tricyclic radical, then the bond may 
be attached to any atom on any of the rings with an available site for bonding. For 
example. 

represents any or all of the following radicals: 




Other features and advantages will be apparent from the specification and 
claims which describe the invention. 
10 DETAILED DESCRIPTION OF THE INVENTION 

In general the compounds of formula 1 of this invention can be made by 
processes which include processes known in the chemical arts, particularly in light of 
the description contained herein. Certain processes for the manufacture of the 
compounds of formula I of this invention are provided as further features of the 
15 invention and are illustrated by the following reaction schemes. Other processes are 
described in the experimental section. 

Scheme 1 




1.1 1-3 

(I) 
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Compounds of formula 1-3 (i.e.. formula I) are prepared as set forth in 
Scheme 1, particularly as described below. 

Compounds of formula 1-3 are prepared by the displacement reaction of a 
5 pyrimidine of the formula 1-1 where and are defined herein. Lv is a leaving 
group preferably selected from fluoro. chloro, bromo. iodo, thiomethyl, methylsulfone, 
or OSO2J wherein J is (C^-CeHower alkyi, trifluoromethyi. pentafluoroethyl, phenyl 
optionally substituted with up to three (Ct-C4)alkyl, nitro or halo. The leaving group Lv 
is displaced by an amine of the formula 1-2 where R^ is defined above. The reaction 

10 is conducted in the presence of a non-aqueous base, preferably an organic amine or 
an inorganic base. Preferred organic amines include triethylamine, pyridine, 
dimethylaminopyridine and N.N'-diisopropylethylamine (Hunig's base). Preferred 
inorganic bases include alkaline metal carbonates and bicarbonates such as sodium 
or potassium carbonate and sodium or potassium bicarbonate. An especially 

1 5 preferred inorganic base is potassium carbonate. An especially preferred organic 

amine is triethylamine. Altematively. an excess of the reacting amine 1-2 can be used 
as the base for this reaction. The reaction can be conducted in the absence of 
solvent or in a reaction inert solvent. Where used herein, "reaction inert solvenf refers 
to a solvent which does not interact with starting materials, reagents, intermediates or 

20 products in a manner which adversely affects the yield of the desired product. 

Preferred reaction inert solvents include aqueous media, pyridine, (Ci-C4)alcohol, (C2- 
C6)glycol, halocarbon, aliphatic/aromatic hydrocarbon, ethereal solvent, polar aprotic 
solvent, ketonic solvent, or combinations thereof. The reaction time ranges from 15 
minutes to 3 days and the reaction temperature ranges from 0 •C to 180 "C. 

25 Conveniently, the reaction may be conducted at the reflux temperature of the solvent 
being used. The reaction Is preferably conducted at ambient pressure. The term 
ambient pressure, where used herein, refers to the pressure of the room in which the 
reaction is being conducted. The term ambient temperature, where used herein, 
refers to the temperature of the room in which the reaction is being conducted. 

30 When R^ contains a hydroxy group, the hydroxyl group may or may not t>e 

protected. When the hydroxyl group is protected, the protecting group may be any 
suitable hydroxyl protecting group. The conditions used to remove such optional 
hydroxyl protecting groups contained in R^ in compounds of formula 1-3 are as 
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follows. When the protecting group is an ester, removal of such ester protecting 
groups is conducted under basic conditions using inorganic hydroxides or carbonates, 
preferably lithium hydroxide, sodium hydroxide, potassium hydroxide or potassium 
carbonate. The reaction is carried out in a reaction inert solvent, preferably an 
5 alcoholic solvent. Especially preferred is methanol or methanol in combination with co- 
solvents such as water, tetrahydrofuran, or dioxane. The reaction time ranges from 
1 5 minutes to 24 hours and the reaction temperature ranges from 0 ^'C to 1 00 "C or to 
the reflux temperature of the solvent(s) of use. Alternatively, ester cleavage may be 
accomplished under acidic conditions. It is preferred to utilize aqueous hydrochloric 

1 0 acid, generally 2 N to concentrated, with or without a co-solvent. When a co-solvent is 
used, dioxane or methanol are preferred. The reaction time ranges from 4 hours to 3 
days and the reaction temperature ranges from 0 to 60 *C. 

When the protecting group is an alkyi ether, removal of such alkyi ether 
protecting groups is conducted using well known dealkylative conditions. For 

1 5 example, the alkyi ether may be cleaved by reaction with boron tribromide or 

diethylboron bromide in a reaction inert solvent, preferably a halocarbon solvent. It will 
be recognized by those skilled in the art that a buffer such as triethylamine may 
facilitate the reaction. The reaction times range from 15 minutes to 24 hours and the 
reaction temperature ranges from 0 to 60 'C. In addition, a benzyl ether protecting 

20 group can be removed via standard or transfer hydrogenolysis using a palladium 
catalyst such as palladium on cartoon. The hydrogenolysis reaction is conducted 
under a hydrogen atmosphere at ambient pressure to 50 psi in a reaction inert 
solvent, preferably methanol. The hydrogen source may be hydrogen gas, ammonium 
formate or trialkylammonium formate or cyciohexene. The reaction temperature 

25 ranges from room temperature to the reflux temperature of the solvent employed. The 
reaction time ranges from 1 5 minutes to 24 hours. 

When a silyl ether protecting group is employed, removal of such siiyi ether 
protecting groups is conducted under acidic conditions, preferably with aqueous 
hydrochloric acid such as 1 N to 6 N hydrochloric acid. The de-protection may be 

30 canied out in the presence of a co-solvent such as methanol or tetrahydrofuran. The 
reaction time ranges from 2 hours to 48 hours and the reaction temperature ranges 
from 0 •C*to 100 'C. Altematively, the silyl ether protecting group may -be removed 
via fluoride-mediated deprotection. In this case, deprotectton is conducted using 
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tetrabutylammonium Huoride or one of a variety of hydrofluoric acid sources in a 
reaction inert solvent. It is prefered to use ethereal solvents such as diethyl ether, 
dioxane or tetrahydrofuran. with tetrahydrofuran being especially prefen^ed. The 
reaction time ranges from 2 hours to 48 hours and the reaction temperatures range 
5 from 0"C to the reflux temperature of the solvent being used. Other methods 
for removal of the aforementioned protecting groups are well known to those skilled in 
the art or can be found in Greene. T. W.; Wuts. P. G. M., Protective Groups in Organic 
Synthesis, ed.; John Wiley and Sons inc.: New York, 1991 . Other suitable hydroxyl 
protecting groups and methods for their removal may be found also be found therein. 
1 0 The method of Scheme I is prefenred when is R^*^- °- ^ \ Thus, compounds of 
formula 1-2 are reacted with compounds of formula 1-1. Compounds of formula 1-2 
where R^ is R^k.' *" "•^ p^*' are commercially available or can be prepared by methods 
well known to those skilled in the art. 
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Compounds of formula 2-7 are prepared as set forth in Scheme 2. particularly 
as described below. 
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Where R" is H. ethyl i-benzyl-3-oxo4-piperidine-carboxylate hydrochloride, 
the compound of formula 2-1 . which is available from Aldrich, is condensed with 
compounds of formula 2-2 to give compounds of fomiula 2-3. The compounds of 
fomiula 2-1 where R^^ is not H can be prepared according to methods well known to 

5 those skilled in the art. The reaction is conducted in the presence of excess base 
including non-aqueous bases, organic amines and inorganic bases. Preferred organic 
amines include triethylamine and pyridine. Preferred non-aqueous bases include, 
alkaline metal (C-CJalkoxides. Preferred inorganic bases include potassium 
carbonate. The reaction is conducted in a reaction inert solvent. Preferred such 

10 solvents include (CrC,)alcohols. aromatic or aliphatic hydrocarbons, polar aprotic 
solvents, halocartjons. and ethereal solvents. (C,-COAIcohols are especially 
preferred. The reaction time ranges from 2 hours to 3 days. The reaction temperature 
ranges from ambient temperature to the reflux temperature of the solvent being 
employed. The reaction is preferably run at ambient pressure but may be conducted 

15 at pressures up to 250 psi. 

Compounds of fomiula 2-A are prepared firom compounds of formula 2-3 by 
converting a compound of formula 2-3 into an activated compound of formula 2-4 
where Lv^ is selected from fluoro. chloro. bromo, iodo. trifluoromethanesulfonate. (C,- 
Ce)alkylsulfonate. or phenylsulfonate. wherein said phenyl Is optionally substituted 
20 with up to three (C,-C.)alkyl. halo or nitro. This reaction Is accomplished by reacting 
compounds of fomiula 2-3 with a chlorinating agent such as phosphorus oxychloride 
and/or phosphoms pentachloride to provide compounds of fomiula 2-4 where Lv' is 
chloro. This reaction is conducted at ambient pressure in the absence of solvent or in 
a reaction inert solvent, preferably a halocartwn solvent at temperatures ranging from 
25 ambient temperature to 1 80 "C. Treatment of the chloro compound thus formed with 
the requisite mineral acid provides a compound of formula 2-4 where Lv^ Is bromo or 
iodo. A sulfonate of formula 2-4 Is prepared by reaction of a compound of formula 2-3 
with a sulfonic acid chloride or anhydride In the presence of an organic amine base, 
preferably triethylamine or pyridine. In certain cases recognized by those skilled in the 
30 art. it may be necessary to add a catalyst to the reaction. In those cases, a preferred 
catalyst is 4-dimethylaminopyridine. This reaction Is conducted at ambient pressure in 
a reaction Inert solvent, preferably pyridine, a halocartjon such as chtoroform. 
dichloromethane or cartjon tetrachloride, an aromatic or aliphatic hydrocarbon, an 
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ethereal solvent, or combinations thereof. The reaction temperature ranges from -20" 
C to 100 "C and the reaction time ranges from 15 minutes to 1 day. 

Compounds of fomiula 2-5 wherein R» is defined above are prepared from 
compounds of formula 2-4 by a reduction reaction or by displacement of Lv' with a 
nucleophile. The reduction is conducted with a reducing agent, preferably ammonium 
fonnate or hydrogen gas. in a reaction inert solvent. The reduction is conducted in the 
presence of a palladium catalyst at ambient pressure or under a hydrogen pressure of 
up to 50 psi. Preferred solvents include (C,-CJalcohols such as methanol and 
ethanol, and ether solvents such as diethyl ether, dioxane and tetrahydrofuran. The 
nucleophilic displacement reaction may be conducted by adding the nucleophile 
directly or by pre-fomiing the nucleophile separately or in situ from a nucleophile 
precursor. Preferred nucleophiies include organoaluminum. organoboron, 
organocopper. organotin, organozinc or Grignard reagent; R^-H; or. where 
contains a hydroxyl or thiol group, the anion of R». The temi "organo" in the terms 
organoaluminum. organoboron, organocopper. organotin and organozinc refers to an 
organic radical selected from R». It will be recognized by those skilled in the art that 
transition-metal catalysts may be required to effect reaction in certain displacement 
reaetions. When required, such transition metal catalysts may include palladium(O). 
palladium(ll). nickel(O). and nickel(ll) complexes. Palladium(ll) 
bis(diphenylphosphinobutane) dichloride Is a preferred such catalyst. Additionally, an 
aqueous or non-aqueous base may be required in the displacement reaction. 
Preferred such bases include sodium carbonate, sodium hydride, triethylamine and 
sodium tert-butoxide. The reaction Is conducted at ambient pressure in a reaction 
inert solvent such as a halocarbon. an aromatic or aliphatic hydrocarbon, an ether or a 
polar aprotic solvent or a combination thereof. In certain cases, a (C.-CJalcohol is 
used as a solvent or co-solvent. The reaction temperature ranges from -20 "C to the 
reflux temperature of the solvent employed. The reaction time ranges from 1 hour to 3 
days. 

Compounds of formula 2-6 are prepared by removal of the benzyl protecting 
group from compounds of fonnula 2-3 or 2-5. This transfomiation is accomplished 
using the freebase, or preferably the pre-fomied hydrochloride or similar salt, under 
standard ortransfer hydrogenolysis conditions. The catalysts which may be used in 
the hydrogenolysis reaction include, but are not limited to. palladium on carbon. 
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palladium hydroxide on carbon and platinum(IV) oxide. The reaction is conducted in a 
reaction inert solvent, preferably methanol or ethanol and the reaction temperature 
ranges from room temperature to the reflux temperature of the solvent being 
employed. The hydrogen source is hydrogen gas, ammonium formate. 
5 trialkylammonium formate, or cyclohexene. The reaction time ranges from 15 minutes 
to 3 days. Generally the reaction is conducted at ambient pressure but pressures of 
up to 50 psi of hydrogen may be employed. Altematively, if appropriate, the benzyl 
protecting group is removed in two steps via chloroformate-induced acylative 
dealkylation. This involves reaction with a chloroformate derivative to fomri a 

10 carbamate followed by cleavage of the carbamate. While this reaction is preferably 
conducted with 1-chloroethyl chloroformate and sodium iodide catalysis, it will be 
recognized by those skilled in the art that catalysis may not be required in certain 
cases. The reaction is conducted at ambient temperature in a reaction inert solvent 
such as a halocarbon, an aromatic or aliphatic hydrocarbon, a ketone, an ether or a 

1 5 polar aprotic solvent. The reaction temperature ranges from -78 to the reflux 
temperature of the solvent being employed and the reaction time ranges from 15 
minutes to 1 day. Cleavage of the carbamate fonmed by reaction with 1-chloroethyl 
chloroformate is accomplished upon exposure to methanol or ethanol at ambient 
pressure to give compounds of formula 2-6 as a hydrochloride salt. The reaction 

20 proceeds at temperatures from room temperature to the reflux temperature of the 
solvent being employed and the reaction time ranges from 15 minutes to 1 day. 
Deprotection conditions for other carbamates can be found in Greene, T. W.; Wuts, P. 
G. M. Protective Groups in Organic Synthesis. 2^ ed.; John Wiley and Sons Inc.: New 
York, 1991. pp 315-348. 

25 Compounds of formula 2-7 are prepared from the displacement reaction of 

amine 2-6 as described in Scheme 1 , where the amine 2-6 is equivalent to R^-NH. 

Altematively, compounds of fomiula 2-7 where is as defined above are 
prepared from compounds of fomriula 2-3 wherein R^ is OH according to the 
sequence outlined in Scheme 2a below, wherein the conditions are as set forth as 

30 described for Scheme 2. 
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Scheme 2a 




2a-3 2-7 



Compounds of formula 2-2 which are used in Schemes 2 and 2a above are 
commercially available or are prepared according to methods well known to those 
skilled in the art. such as those described in March. J. Advanced Organic Chemistry, 
3"* ed.; Jo|:in Wiley and Sons.: New York, 1985. p 359, 374. 
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3-7 



Compounds of fomnula 3-5 are prepared as set forth in Scheme 3 above and 
more particularly as described below. 
5 Compounds of fonnula 3-3 are prepared by condensing a compound of 

fonnula 3-1 with a compound of fonnula 3-2. Where and are each H. the 
compound of formula 3-1 is l-benzyM-piperidone, which is commercially available 
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10 



15 



from Aldrich. Compounds of formula 3-2 are either commercially available or can be 
prepared according to methods well known to those skilled in the art. particularly 
according to methods set forth in March. J. Advanced Organic Chemistry, 3- ed.; 
John Wiley and Sons Inc.: New York. 1985. pp 499-500. The reaction is (Conducted at 
ambient pressure in the presence of a secondary amine. Generally an excess of the 
secondary amine, preferably pyrrolidine, piperidine. morpholine or diethylamine. is 
used. An especially preferred secondary amine is pyrrolidine. The reaction is 
conducted in a reaction inert solvent, preferably a (C,-C,)alcohol. an aromatic or 
aliphatic hydrocarbon, a polar aprotic solvent, a halocarbon or an ether. An especially 
preferred solvent is ethanol. The reaction time ranges from 2 hours to 3 days and the 
reaction temperature ranges from ambient temperature to the reflux temperature of 
the solvent being employed. 

Compounds of the formula 3-4 are prepared by removal of the benzyl 
protecting group from compounds of fomiula 3-3. This transformation is conducted in 
a manner analogous to the procedure set forth for the preparation of compounds of 
fonmula 2-6 above. 

Compounds of fonnula 3-5 are prepared from the displacement reaction of 
amine 3-4 as described in Scheme 1 . where the amine 3^ is equivalent to R'-NH. 

Scheme 3a 



20 
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Compounds of formulas 3a-1 and 3a-2 are prepared as shown in Scheme 3a 
from compounds of formula 3-5. Thus, to prepare a compound of 3a-1, a compound 
of formula 3-5 is reduced with a common reducing agent, such as, for example, 
sodium borohydride. lithium aluminum hydride or diisobutylaluminum hydride. Other 
5 reducing agents capable of effecting the reduction of a ketone to an alcohol are well 
known to those skilled in the art (e.g.. Larock, R. D. Comprehensive Organic 
Transformations, VCH Publishers. Inc.: New York, 1989. pp 527-547). Likewise, 
compounds of formula 3a-2 are prepared from compounds of formula 3-5 by 
reduction with reducing agents capable of reducing a ketone completely to a 

1 0 methylene group. A prefeaed such reducing agent is aluminum trichloride/borane-tert- 
butylamine complex. Other such reducing agents are well known to those skilled in 
the art (e.g.. J. Org, Chem, 1989. 54, 4350; Larock, R. D. Compretiensive Organic 
Transformations, VCH Publishers. Inc.: New York, 1989. pp 35-37). It will be 
recognized by those skilled in the art that the transformation of 3-5 to 3a-1 or 3a-2 can 

1 5 be conducted at different points in Scheme 3. depending upon the dynamics of the 
particular system. 

Altematively. compounds of fonmula 3-5 wherein R^ and R^* are hydrogen can 
be prepared from 4-piperidone monohydrate monochloride in a manner analogous to 
the procedure described in Scheme 1. where the amine 3-6 is equivalent to R^-NH to 
20 give compounds of formula 3-7. Compounds of fomiula 3-7 can be reacted with 
compounds of formula 3-2 in a manner analogous to the procedure set forth for the 
synthesis of compounds of fonnula 3-3 to afford compounds of formula 3-5. 
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Compounds of formula 4-5 are prepared according to Scheme 4 and more 
5 particularly as described below. 

Compounds of fonnula 4-3 are prepared by reacting a compound of formula 4- 
2 with a compound of formula 4-1 or 4-1 a. Compounds of fonnula 4-1 and 4-1 a are 
prepared according to methods well known to those skilled in the art. Where is 
hydrogen, 4-oxo-piperidine-1 .3-dicarboxylic acid 1-tert-butyl ester 3-ethyl ester is 
1 0 condensed with a compound of formula 4-2 to afford a compound of fonnula 4-3. Said 
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compounds of formula 4-2 are readily available from well known cx)mmercial vendors, 
known in the literature, or are synthesized under standard conditions well known to 
those skilled in the art. Preferred conditions to prepare compounds of formula 4-3 
from a compound of formula 4-1 where A is CO and B is NH or from a compound of 
5 formula 4-1 a where A is NH and B is CO can be found in March, J. Advanced Organic 
Chemistry, 3"* ed.; John Wiley and Sons Inc.: New York, 1985, p 1 163, The reaction is 
conducted at ambient pressure in a reaction inert solvent. Preferred such solvents 
include aqueous media, a (Ci-C4)alcohol, glacial acetic acid, an aromatic or aliphatic 
hydrocarbon, a polar aprotic solvent, a halocarbon and ethers or combinations 

10 thereof. The reaction time ranges from 2 hours to 3 days and the reaction 

temperature ranges from ambient temperature to the reflux temperature of the solvent 
being used. An optional second step using aqueous or non-aqueous base may be 
employed in certain cases which will be recognized by those skilled in the art. This 
second step is conducted at ambient pressure in a reaction inert solvent. Preferred 

15 such solvents include aqueous media, a {CrC4)alcohol, glacial acetic acid, an 

aromatic or aliphatic hydrocarbon, a polar aprotic solvent, a halocarbon and ethers or 
combinations thereof. The reaction time ranges from 2 hours to 3 days and the 
reaction temperature ranges from ambient temperature to the reflux temperature of 
the solvent being used. 

20 Compounds of fomnula 4-3 wherein B is CO and A is N-alkyl or wherein B is 

N-alkyI and A is CO are prepared by alkylation of compounds of formula 4-3 where B 
is CO and A is NH or wherein B is NH and A is CO. respectively. The anion of those 
compounds of formula 4-3 is formed by reaction with an appropriate base. Preferred 
such bases include sodium hydride and sodium hexamethyldisilazide, although other 

25 bases may be used where conditions warrant, as determined by the skilled person. 
The reaction is conducted in a reaction inert solvent, preferably an ether such as 
tetrahydrofuran, diethyl ether, dioxane or diglyme or polar aprotic solvent such as 
dimethylfomiamide. The reaction proceeds at ambient pressure and at temperatures 
ranging from -100 ''C to ambient temperature. The reaction times are from 10 

30 minutes to 2 hours. Addition of (CrC4)alkyl halides or (CrC4)dlkylsulfonates such as 
mesylate, tosylate or nosylate to the anion of 4-3 proceeds at ambient pressure and at 
temperatures ranging from -20 'C to 50 ^C. The reaction times range from 10 
minutes to 1 day. 
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Compounds of formula 4-4 are prepared form compounds of formula 4-3 
wherein A is N-alkyI and B is CO or A is CO and B is N-alkyI via acid-catalyzed 
deprotection of the Boc carbamate under standard conditions, for example, 
hydrochloric acid or trifluoroacetic acid in a reaction inert solvent or in the absence of 
5 solvent. Such conditions are known to those skilled in the art. Exemplary conditions 
are disclosed in Greene. T. W.; Wuts. P. G. M. Protective Groups in Organic 
Synthesis, 2^ ed.; John Wiley and Sons Inc.: New York. 1991 . pp 327-330. 

Compounds of formula 4-5 are prepared by the displacement reaction of 
amine 4-4 as described in Scheme 1. where the amine 4-4 is equivalent to R^-H. 
10 Schemes 




Compounds of fomiula 5-4 where X is a covalent bond and G. G\ G^ q. R\ R^ R^ R^ 
and R^ are as defined above are prepared according to Scheme 5 above and 
1 5 particularly as described below. 

Compounds of fomiula 5-3 are prepared by reaction of a compound of fonmula 
5-1 with a compound of fomiula 5-2 where Prt is an optional amine protecting group 
selected from benzyl and COjR^, where R^ is selected from (CrC4)alkyl. (C,-C4)allyl, 
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trichloroethyl and benzyl substitutedby up to two (CrC4)alkoxy, Compounds of 
formula 5-1 where is Ar' and Lv^ is halo, (CrC4)alkylsulfide, (C^-C4)alkylsulfone, 
trifluoromethanesulfonate, (Ct-C6)alkylsulfonate or phenylsulfonate. where said phenyl 
is optionally substituted with up to three halo, nitro or (CrC4)alkyl are commercially 
5 available or are readily prepared according to methods well known to those skilled in 
the art. For example, to prepare compounds of fomriula 5-1 wherein Lv^ is chloro, a 
compound of formula Ar^-OH. or the Ar'-(=0) tautomer thereof, is reacted with a 
chlorinating agent such as phosphorus oxychloride and/or phosphonjs pentachloride. 
This chlorinating reaction is conducted at ambient pressure in the absence of solvent 
10 or in a reaction inert solvent, preferably a halocarbon solvent, at temperatures ranging 
from ambient temperature to 180 •C. Treatment of the chloro compound with the 
requisite mineral acid provides compounds of formula 5-1 where Lv^ is bromo or iodo. 
Compounds of formula 5-1 wherein Lv^ is trifluoromethanesulfonate, (C,- 
C6)alkylsulfonate or phenylsulfonate are prepared from a compound of formula Ar^- 
1 5 OH. or the Ar^.(=0) tautomer thereof, by reaction with a sulfonic acid chloride or 
anhydride In the presence of a base, preferably an organic amine such as 
triethylamine. N.N'-diisopropylethylamine, dimethylaminopyridine or pyridine. In 
certain cases it will be recognized by those skilled in the art that a catalyst will be 
required to effect reaction. In those cases, a prefen-ed catalyst is 4- 
20 dimethylaminopyridine. This reaction is conducted at ambient pressure in a reaction 
inert solvent such as pyridine, a halocarbon, an aromatic or aliphatic hydrocarbon, an 
ether, or a combination thereof. The reaction temperature ranges from -20 'C to 100 
■C and the reaction time ranges from 15 minutes to 1 day. Compounds of formula 5-1 
where Lv^ is thiomethyl are prepared by reacting a compound of formula Ar'-SH, or 
25 the Ar'-(=S) tautomer thereof, with methyl iodide or dimethylsulfate in the presence of 
an inorganic base, preferably potassium carbonate. These reactions are conducted 
at ambient pressure in a reaction inert solvent, preferably an ether or a polar aprotic 
solvent. An especially prefenred polar aprotic solvent is dimethylformamide at a 
temperature ranging from 0 X to 100 Compounds of formula 5-1 where Lv^ is 
30 methylsulfone are prepared from a compound of fonmula 5-1 where Lv' is thiomethyl 
by oxidation thereof according to procedures well known to those skilled In the art. 
specifically ^s set forth in March, J. Advanced Organic Chemistry, 3"* ed:; John Wiley 
and Sons.: New Yori^, 1985, pp 1089-1090. 
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A representative set of compounds of formula 5-1 which are commercially 
available or which can be prepared according to methods analogous to a literature 
procedure include 4-chloropyridine (Aldrich, P.O. Box 355, Milwaukee. Wisconsin 
53201, USA), 3-chloro-6-methyl-pyrida2ine (Maybridge, do Ryan Scientific, 443 Long 

5 Point Road, Suite D. Mount Pleasant, South Carolina 29464. USA), 2-chloro-pyrazine 
(Aldrich). 2.6-dichloro-pyra2ine (Aldrich). 3-chloro-2,5-dimethylpyrazine (Aldrich), 2,4- 
dichloro-pyrimidine (Aldrich). 4.6-<lichloro-pyrimidine (Aldrich). 4-chloro-2-methyl- 
pyrimidine (Chem. Ber. 1904. 37. 3641).4-chloro-6-methyl-pyrimidine {Chem. Ber. 
1899. 32. 2931). 4-chloro-2.6-dimethyl-pyrimidine {J. Am. Chem. Soc. 1946. 68, 

1 0 1 299). 4-chloro-2.6-bis(trifluoromethyl)-pyrimidine (J. Org. Chem. 1 961 . 26, 4504). 4- 
chloro-2-methylsulfanyl-pyrimidine (Aldrich). 4-chloro-2-methoxymethyl-pyrimidine 
(US Patent 5 215 990), 1-chloro-isoquinoline (J. Am. Chem. Soc. 1946, 68, 1299). 2- 
chloro-quinoline (Aldrich), 4-chloro-quinazoline {J. Am. Chem. Soc. 1909. 31, 509), 2- 
chloro-quinoxaline (US Patent 2 537 870). 2-ch!oro-3-methyl-<iuinoxaline (Aldrich), 

1 5 2.6.7-trichloro-quinoxaline (J. Chem. Soc, Chem. Commun. 1956, 4731 ), 4-chloro- 
pteridine (J. Chem. Soc, Chem. Commun. 1954, 3832). 7-chloro-pteridlne (J. Chem. 
Soc, Chem. Commun. 1954. 3832), and 6-chloro-9H-purine (Aldrich). Other 
compounds of fomiula 5-1 can be prepared using methods well known to those skilled 
in the art or by using methods analogous to those described in the foregoing 

20 references. 

Compounds of formula 5-3 are prepared by the displacement reaction of a 
compound of formula 5-1 with an amine of the formula 5-2. The reaction is conducted 
in the presence of a non-aqueous base, prefeably an organic amine such as pyridine. 

4- dimethylaminopyridine. triethylamine or N,N'-diisopropyIethylamine; an inorganic 
25 base such as potassium or sodium carbonate or bicarbonate; or an alkaline metal 

alkoxide such as potassium t-butoxide. Alternatively, an excess of the reacting amine 

5- 2 can be used in lieu of the added base. In cases where the leaving group Lv" is 
unactivated. or in specific cases which will be recognized by those skilled in the art, 
the use of a transition-metal catalyst such as palladium(O). palladium (II), nickel(O) or 

30 nickel(ll), along with phosphine-based ligands, such as 2.2'-bis(diphenylphosphino)- 
1 ,r-binaphthyl (BINAP), may be required to effect reaction. More specific details 
conceming this reaction are available in the following references: J. Org. Chem. 1997, 
62, 1264; J. Org. Chem. 1997. 62, 1568; SynLeif 1997. 329. The reaction can be 
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conducted in the absence of solvent or in a reaction inert solvent. Preferable reaction 
inert solvents include aqueous media, (CrC4)alcohol, (C2-C6)glycol, a halocarbon, an 
aliphatic or aromatic hydrocarbon, an ether, a polar aprotic solvent, a ketone, or 
combinations thereof. The reaction time ranges from 15 minutes to 3 days and the 
5 reaction temperature ranges from 0 X to 1 80 X or to the reflux temperature of the 
solvent being used. The reactions are preferably conducted at ambient pressure. 

In certain cases which will be recognized by those skilled in the art. 
transformations of existing functionality in Ar^ of compound 5-3 may be necessary to 
produce compounds of formula 5-4. This pertains in particular to those cases where, 

1 0 for example, in 5-3 contains an aromatic or heteroaromatic halide, (Cr 

C4)alkylsulfonate or triflate. Said compounds of formula 5-3 wherein Ar^ contains up 
to two substituents selected from halide, (Ci-C4)alkylsulfonate or triflate, may be 
converted to a compound of formula Ar^ where said halide, (CcC4)alkylsuifonate or 
triflate is transfomied into another functional group by a reduction reaction or by a 

1 5 displacement reaction of said halide. (Ct*-C4)alkylsulfonate or triflate with a 

nudeophile. The reduction reaction is conducted with a reducing agent, preferably 
ammonium formate or hydrogen gas, in a reaction inert solvent. The reduction Is 
conducted in the presence of a palladium catalyst at ambient pressure or under a 
hydrogen pressure of up to 50 psi. Preferred solvents include (CrC4)a!cohols such as 

20 methanol and ethanol, and ether solvents such as diethyl ether, dioxane and 

tetrahydrofuran. The nucleophilic displacement reaction may be conducted by adding 
the nudeophile directly or by pre-fonming the nudeophile separately or in situ from a 
nudeophile precursor. Preferred nucleophiles indude organoaluminum. organoboron, 
organocopper. organotin. organozinc or Grignard reagent; R^^-oxide or R^'-thioxide; or 

25 anilino where anilino is within the scope of It will be recognized by those skilled in 
the art that transition-metal catalysts may be required to effect reaction in certain 
displacement reactions. When required, such transition metal catalysts may indude 
palladium(O). palladium(ll). nickel(O), and nickel(ll) complexes. Pailadium(ll) 
bis(diphenylphosphinobutane) dichloride is a prefen-ed such catalyst. Additionally, an 

30 aqueous or non-aqueous base may be required in the displacement reaction. 

Preferred such bases include sodium carbonate, sodium hydride, triethyiamine and 
sodium tert-butoxide. The reaction is conducted at ambient pressure in a reaction 
inert solvent such as a halocari3on. an aromatic or aliphatic hydrocarbon, an ether or a 
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polar aprotic solvent or a combination thereof. In certain cases, a (C,-C4)alcohol is 
used as a solvent or co-solvent. The reaction temperature ranges from -20 'C to the 
reflux temperature of the solvent employed. The reaction time ranges from 1 hour to 3 
days. 

5 Optional protecting groups which may be present in compounds of formula 5-3 

are removed according to methods set forth above, or according to methods well 
known to those skilled in the art, particularly as set forth in: Greene. T. W.; Wuts, P. 
G. M. Protective Groups in Organic Synthesis. 2^ ed.; John Wiley and Sons Inc.: New 
York. 1991. 

1 0 Compounds of fomfiula 5-4 are prepared from the displacement reaction of 

amine 5-3 as described in Scheme 1. where the amine 5-3 is equivalent to R*-NH. A 
representative set of amines of formula 5-3 which are commercially available or which 
can be prepared by a literature procedure include 1-phenyl-piperazine (Aldrich), 1- , 
pyridin-2-yl-piperazine (Aldrich). 3-piperazin-1 -yl-benzo[d)isoxazole (J. Med. Chem. 
15 1 986. 29, 359), 3-piperazin-1 -yl-benzo[d]isothiazole (J. Med. Chem. 1 986, 29, 359), 2- 
piperazin-1-yl-quinoxaline {J. Med. Chem. 1981. 24, 93). 1-naphthalen-2-yl-piperazine 
(cf. Tetrahedron Lett. 1994. 35. 7331). and 1.{3.5-dimethylphenyl)-piperazine (cf. 
Tetrahedron Lett 1994, 35. 7331). Other compounds of formula 5-3 can be prepared 
using methods well known to those.skilled in the art or by using methods anatagous to 
20 those described in the foregoing references. 

Alternatively, compounds of fomnula 5^ can be prepared from reaction wnth 
compounds of formula 5-1 with compounds of formula 5-5 using conditions set forth 
above to prepare 5-3. Compounds of formula 5-5 can be prepared in a manner 
analogous to the method used to prepare compounds of fomiula 1-3. 
25 Compounds of fonnula 5-4 wherein X is oxycarbonyl, vinylenylcarbonyl, 

oxy(C,-C4)alkylenylcarbonyl. (CrC4)alkylenylcarbonyl. (C3-C4)alkenylcarbonyl. thio{C,- 
C4)alkenyIcarbonyl, vinylenylsulfonyl or carbonyl{Co-C4)alkylenylcarbonyl; wherein 
said oxy(C,-C4)alkylenylcarbonyl, (CrC4)alkylenylcarbonyi, (Cs-C4)alkenyicarbonyl, 
and thio(C3-C4)alkenylcarbonyl in the definition of X are each optionally and 
30 independenfly substituted with up to two (C,-C4)alkyl. benzyl, or Ar; said 

vinylenylsulfonyl and said vinylenylcarbonyl in the definition of X are each optionally 
and Independently substituted with up to three (C,-C4)alkyl. benzyl, or At are also 
prepared according to Scheme 5 above and particularly as described below. 
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Compounds of formula 5-4 where X is as defined in the immediately preceding 
paragraph are prepared by reacting a compound of formula 5-5 with a compound of 
formula 5-1 where is described above, X is as defined in the immediately preceding 
paragraph and Lv^ is chioro. The reaction is conducted under anhydrous conditions in 
5 the presence of a non-aqueous base, which includes organic amines such as 
triethylamine. N.N'-dlisopropylethylamine and pyridine and derivatives thereof. The 
reaction is generally conducted in a reaction inert solvent. Prefen-ed solvents include 
halocarbon, aliphatic or aromatic hydrocarbon, ethers, ethyl acetate, pyridine and 
combinations thereof. The reaction time ranges from 15 minutes to 24 hours and the 
1 0 reaction temperature ranges from 0 X to 80 "C or to the reflux temperature of the 
solvent being used. The reactions are preferably conducted at from 0 "C to ambient 
temperature and at ambient pressure. Removal of optional protecting groups is 
camed out as described in Scheme I. 

Compounds of fomiula 5-4 wherein X is vinylenylcarbonyl. oxy(C,- 
1 5 C,)alkylenylcarbonyl. (C,-COalkylenylcarbonyl. (Ca-Oalkenylcarbonyl. thioCCj- 
COalkenylcarijonyl, or carbonyl(Co-C4)alkylenylcart3onyl.: wherein said oxy(C,- 
C4)alkylenylcarbonyl. (C,-C4)alkylenylcarbonyl. (C3-C«)alkenylcarbonyl. and thioCCj- 
C4)alkenylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (C,-C4)alkyl. benzyl, or Ar; and said vinylenylcarbonyl In the 
20 definition of X are each optionally and independently substituted with up to three (C,- 
C4)alkyl, benzyl, or Ar are also prepared according to Scheme 5 avove and 
particulariy as described below. 

Compounds of formula 5-4 are prepared by reacting a compound of fonnula 5- 
5 with a compound of fonnula R'-X-Lv^ where R" is described above, X is as defined 
25 in the immediately preceding paragraph and Lv' is OH. The reaction is conducted in 
the presence of coupling agents, preferably dicydohejQ^carbodiimide or 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride as described in J. Amer. 
Chem. Soc. 1996, 118. 4952. The reaction is conducted in a reaction inert solvent. 
Prefen-ed solvents include halocarbon. aliphatic or aromatic hydrocarbon and ethers. 
30 Especially prefen-ed solvents include dichloromethane and chloroform. Other coupling 
agents that can be used are well known to those skilled in the art and include, but are 
not limited to. various phosphine reagents, ethyl chloroformate. and N- 
hydroxysuccinimide. These reagents and procedures are described in "Compendium 
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of Organic Synthetic Methods" (Ed.. I. T. Harrison and S. Harrison, John Wiley & 
Sons). Specific references include the following; J. Org. Chem, 1971, 36, 1305; Bull. 
Soc. Chim. Fr, 1971, 3034; Bull. Chem, Soc. Japan, 1971. 44, 1373; Tetrahedron 
Lett., 1973, 28. 1595; Tetrahedron Lett., 1971, 26. 2967. and J. Med, Chem., 1968. 
5 11, 534. Removal of optional protecting groups is carried out as described in Scheme 
I. 

Compounds of formula 5-4 wherein X is a covalent bond and is (C3- 
C7)cycloalkyl or Ar'-(Ci-C3)alkylenyl are also prepared according to Scheme 5 above 
and particularly as described below. 

10 Compounds of formula 5-4 wherein X is a covalent bond and R® is {C3- 

C7)cycloalkyl or Ar^-(CrC3)alkylenyl are prepared by reacting a compound of fonnula 
5-1 wherein X is a covalent bond, R® is (C3-C7)cycloalkyl or Ar^-(C,-C3)alkylenyl and 
Lv^ is halo, methanesulfonate, p-toluenesulfonate or trifluoromethanesulfonate. The 
reaction is conducted under anhydrous conditions in the presence of a non-aqueous 

1 5 base, which includes organic amines such as triethylamine, N,N'- 

diisopropylethylamine and pyridine and derivatives thereof. The reaction is conducted 
in a reaction inert solvent. Prefen-ed solvents for the reaction include halocarbons, 
aliphatic or aromatic hydrocartsons, ethers, ethyl acetate, pyridine and combinations 
thereof. The reaction time ranges from 15 minutes to 24 hours and the reaction 

20 temperature ranges from -20 °C to 80 or to the reflux temperature of the solvent 
being used. The reactions are preferably conducted at ambient temperature of the 
solvent being used and at ambient pressure. Removal of optional protecting groups is 
conducted as set forth in Scheme i. 
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Scheme 6 




6^ 



Compounds of formula 6-5 wherein G, G\ G^ q. R\ R^ R^ and R® are as 
defined above are prepared as set forth in Scheme 6 above and particularly as 
5 described below. 

Compounds of formula 6-1 are prepared from an amine of the formula 5-2 
where Prt is an optional amine protecting group selected from benzyl and COjR^. 
where R*' is selected from (CrC4)alkyl, (CrC4)allyl, trichloroethyl and benzyl 
substituted with up to two (CrC4)alkoxy. The prefen-ed procedure for preparing 
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compounds of formula 6-1 can be found in Tetrahedron Lett. 1993, 48, 7767 or J. Org. 
C/7em1997. 62. 1540. 

Compounds of formula 6-3 are prepared by condensation of (J-diketones or (3- 
ketoesters of the formula 6-2b, where R^^ and R^^ are independently substituted as set 
5 forth above, or compounds of the formula 6-2a where U/ is, for example, hydroxy, 
chloro or dimethylamino with guanidines of the formula 6-1 . The reaction is 
conducted in the presence of an aqueous or non-aqueous base, preferably potassium 
or sodium hydroxide, potassium or sodium (Ci-C4)-alkoxide, triethylamine, pyridine, 4- 
dimethylaminopyridine, potassium or sodium carbonate or potassium or sodium 

10 bicarbonate. The reaction is conducted in a reaction inert solvent, preferably aqueous 
media, a (Ci-C4)a!cohol, a (C2-C6)dialcohol, an aromatic hydrocarbon, a polar aprotic 
solvent, or combinations thereof. The reaction time ranges from 2 hours to 3 days 
and the reaction temperature ranges from room temperature to reflux of the solvent 
employed. The reaction is preferably run at ambient pressure, but may be conducted 

1 5 at pressures up to 250 psi. 

Removal of of optional protecting groups in compounds of formula 6-3 to 
afford compounds of formula 6-4 is accomplished as set forth above. 

Compounds of formula 6-5 are prepared from the displacement reaction of 
amine 6-4 as described in Scheme 1. where the amine 6-4 is equivalent to R^-NH. 

20 Alternatively, compounds of formula 6-5 are prepared from compounds of 

formula 5-5 by formation of a compound of formula 6-6, or by reaction with 
compounds of formula 6-2a or 6-2b under the conditions outlined above in Scheme 6. 
Removal of optional protecting groups is conducted as described in Scheme 1 . 
Compounds of fomiula 5-5 are prepared as set forth above. 
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Scheme 7 




7-4 



Compounds of formula 7-4 wherein G^ G^ G^ r, R\ R^ R^^ and R^ are defined 
5 as set forth above are prepared as set forth in Scheme 7 and particularty as described 
below. 

Compounds of formula 7-1 are prepared by reaction of an amine of the 
fomiula 7-0 with phosgene or a phosgene equivalent such as triphosgene. 
Compounds of 7-1 wherein the chloro group is replaced by an imidazolyl group are 
10 also useful In this reaction. Such compounds are prepared by reaction of an amine of 
fonmula 7-0 with carbonyl diimidazole. The reaction is conducted under anhydrous 
conditions in the presence of a nonaqueous base. Preferred such bases include 
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triethylamine and other tertiary amines and pyridine and derivatives thereof. The 
reaction is conducted in a reaction inert solvent at -78 *C to 80 X or at the reflux 
temperature of the solvent being used for 15 minutes to 24 hours. Preferred solvents 
for this reaction include a halocarbon, an aliphatic or aromatic hydrocarbon, an ether, 
5 ethyl acetate, pyridine and combinations thereof. The reactions are preferably 
conducted at from 0 *C to ambient temperature and at ambient pressure. 

Compounds of fonnula 7-4 are prepared by reaction of carbamoyl chlorides of 
the fonnula 7-1 with amines of the fonnula 7-3. where R^' and are defined above. 
The reaction can be conducted in the absence of solvent, or in a reaction inert 

1 0 solvent. Preferred such solvents include aqueous media, a (CrC4)alcohol, a (Cj- 
C6)dia!cohol, an aromatic or aliphatic hydrocarbon, a halocarbon, an ether, a polar 
aprotic solvent, a ketone, pyridine or combinations thereof. The reaction time ranges 
from 15 minutes to 3 days and the reaction temperature ranges from 
0 to the reflux temperature of the solvent being used. The reaction is preferably 

1 5 conducted at ambient pressure. It will be recognized by those skilled in the art that 
addition of a base may be required to effect reaction. In those cases, prefen-ed bases 
include potassium or sodium hydroxide, triethylamine and other tertiary amines, 
pyridine and its derivatives and inorganic bases such as sodium or potassium 
carbonate and sodium or potassium bicarbonate. Removal of optional hydroxyl 

20 protecting groups contained in R^ is earned out according to methods set forth in 
Scheme 1. 

Alternatively, compounds of fonnula 7-4 are prepared from compounds of 
formula 7-0 by reaction with isocyanates of the formula 7-6 or with carbamoyl 
chlorides of the formula 7-8. Said isocyanates are commerdally available, knovwi in 

25 the literature, or synthesized under standard conditions known to those skilled in the 
art, particulariy as described in March. J. Advanced Organic Chemistry, 3"* ed.; John 
Wiley and Sons Inc.: New Yoric, 1 985. p 1 166. A preferred method of forming such 
isocyanates is the Curtius rean-angement of a suitable acyl azide. Said carbamoyl 
chlorides are synthesized using methods analogous to that described for the 

30 preparation of compounds of fomfiula 7-1 in Scheme 7. Removal of optional hydroxyl 
protecting groups contained in R^ Is canied out according to methods set forth in 
Scheme 1. 
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Compounds of formula I containing the radical are prepared according to 
the procedures set forth in Scheme 7 using the con-esponding starting materials and 
reagents. 

Scheme 8 




5 «-3 

Compounds of formula 8-5 are prepared as set forth in Scheme 8 and particulariy as 
described below. 

Compounds of fonnula 8-2 are readily prepared from commercially available 
1 0 phenethylamines of fomiula 8-1 a and formaldehyde or an aldehyde of the fomaula 
R^-CHO under Pictet-Spengler conditions. The Pictet-Spengier reaction is reviewed 
in Chem. Rev, 1995, 95. 1797. A similar route route to 1 .2,3,4-tetrahydroisoquinolines 
using the Bischler-Napieralski reaction, as disclosed in March, J. Advanced Organic 
Chemistry, 3"* ed.; John Wiley and Sons.: New York, 1985, 495, followed by standard 
1 5 reduction of the Imine fomned may also be employed. 
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Compounds of formula 8-4 are prepared from compounds of formula 8-3 by 
aromatic electrophilic substitution using the appropriate electrophile. A general 
reference for this type of reaction can be found in March, J. Advanced Organic 
Chemistry, 3"* ed.; John Wiley and Sons.: New Yorl<. 1985, 447-51 1. 

Compounds of fonnula 8-2 are also prepared by removal of the protecting 
group from a compound of fonnula 8-4. Preferably the protecting group is 
trifluoroacetamide which may be removed under basic conditions using inorganic 
hydroxides or carbonates in a reaction inert solvent. Suitable such solvents include 
(Ci-CJalcohols and preferably methanol. Optionally, one or more co-solvents, 
preferably selected fi-om water, tetrahydrofuran and dioxane may be employed. The 
reaction time ranges from 15 minutes to 24 hours and the reaction temperature 
ranges from 0 X to 100 'C or to the reflux temperature of the solvent or solvent 
system being used. The reaction is preferably conducted at ambient temperature. 
Other conditions for deprotection of trifluoroacetamides and deprotection conditions 
for other suitable protecting groups can be found In Greene. T. W.; Wuts. P. G. M. 
Protective Groups in Organic Synthesis. 7^ ed.; John Wiley and Sons Inc.: New York. 
1991. 

Compounds of fomiula 8-4 are prepared by adding a protecting group to 
compounds of fonnula 8-2. Preferably the protecting group is trifluoroacetamide or - 
tert-butoxycarbonyl (BOC). The protecting group is attached by reaction of a 
compound of fonnula 8-2 with trifluoroacetyl chloride or di-tert-butyl dicarbonate or an 
equivalent thereof in the presence of a base, preferably triethylamine or pyridine. The 
reaction is conducted In a reaction Inert solvent. Prefen-ed such solvents Include 
ethers such as tetrahydrofuran, diethyl ether, dioxane or dimethoxyethane; a 
halocarbon such as dichloromethane. chlorofonn or cartjon tetrachloride; and 
aromatic or aliphatic hydrocarbons such as benzene, toluene or hexanes. The 
readion time ranges from 15 minutes to 3 days and the reaction temperature ranges 
from 0 "C to the reflux temperature of the solvent being used. The reaction is 
preferably conducted at ambient pressure. Other conditions for protection of amines 
with trifluoroacetamides or tert-butoxycartionyl groups as well as other suitable 
protecting groups can be found in Greene. T. W.; Wuts. P. G. M. Protective Groups in 
Organic Synthesis, ed.; John Wiley and Sons Inc.: New VoiK 1991. - 
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Manipulation of the substituents R^' and is carried out to provide 
isoquinolines with altered substitution. Preferably, transition metal-catalyzed cross- 
coupling of a compound of formula 8-4 where R^® or R^ is bromide or triflate is 
employed to afford compounds of formula 8-4 wherein R^® or are as set forth 
5 above. This reaction is conducted according to methods well known to those skilled in 
the art. particulariy as set forth in Tetrahedron, 1998, 54, 263 for Stille and Suzuki 
Reactions and in Acc. Chem, Res, 1998, 31, 805 for Buchwald Amination Reactions. 

Compounds of formula 8-5 are prepared from the displacement reaction of 
amine 8-2 as described in Scheme 1 . where the amine 8-2 is equivalent to R^-NH. 
10 Schemes 




9-2 



Compounds of fomriula 9-3 are prepared according to the general procedures 
set forth in Scheme 2 starting from ethyl 1-benzyl-4-oxo-3-piperidine carboxylate 
hydrochloride (9-1). In certain cases, where R^ is H, N-tertbutoxycarbonyl-3- 
15 (dimethylaminomethylene)-4-piperidone (9-2, Chemical Abstracts 121:157661) is 
used as the starting material. 
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Scheme 10 

H 

Cbz Cbz 10-3 

10-1 10-2 




Cbz 
10-4 




H 
10-5 




10-6 



Compounds of formula 10-6 wherein R\ R^ R^^ and R'^ are as defined above 
are prepared as set forth in Scheme 10 and more particularly as described below. 

Compounds of formula 10-2 where R»' is (C,-C4)alkyl are prepared by reacting 
a compound of fonnula 10-1. where Cbz is behzyloxycarbonyl, with'an 0-aikylating 
agent. A prefen-ed compound of fonnula 10-1 is 3-oxo-pipera2ine-1-carboxylicacid 
benzyl ester. A preferred 0-alkylating agent is triethyloxonium tetrafluoroborate. The 
reaction is conducted at ambient pressure in a reaction inert solvent. Prefen-ed 
solvents include an aromatic or aliphaUc hydrocarbons, halocarbons and ethers. 
Dichloromethane is especially preferred. The reaction time ranges from 2 hours to 3 
days and the reaction temperature ranges from -100 °C to ambient temperature. 

Compounds of fonnula 10-4 are prepared by condensation of a compound of 
fomnula 10-2 with a compound of fonnula 10-3. Said compounds of fonnula 10-3 are 
commercially available, are known in the literature, or are readily prepared via 
standard amidation of hydrazine and an activated carboxylic acid, such as a 
carboxylic acid chloride. Such reactions are well known by those skilled in the art. 
The condensation reaction is preferably mn at ambient pressure, although higher 
pressures up to 250 psi may be employed if necessary. The reaction is conducted in 
a reaction Inert solvent, preferably selected from (C,-C4)alcohols, aromatic or aliphatic 
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hydrocarbons. polar aprotic media, halocarbons and ethers, or combinations thereof. 
The reaction is conducted at temperatures ranging from ambient temperature to 180 
*C. The reaction times are from 2 hours to 3 days. 

Compounds of formula 10-5 are prepared form compounds of formula 10-4 via 
5 Lewis acid-catalyzed cleavage or hydrogenolysis of the Cbz carbamate under 

standard conditions which are well known to those skilled in the art. particularly as set 
forth in Greene. T. W.; Wuts. P. G. M. Protective Groups in Organic Synthesis, 2~* ed.; 
John Wiley and Sons Inc.: New York, 1991, pp 335-338. 

Compounds of formula 10-6 are prepared from the displacement reaction of 
10 an amine of the formula 10-5 as described in Scheme 1 . where the amine 10-5 is 
equivalent to R^-NH. 

Scheme 11 
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Compounds of formula 11-4, wherein R\ R\ R^. R^'. R^, R'' and R^° are as 
defined above are prepared as set forth in Scheme 1 1 and more particularly as 
described below: 

Where R^ and R^^ are hydrogen, 1-benzyl-4-piperidone (3-1). available from 
5 Aldrich, is condensed with a compound of fonmula 11-1, which are either commercially 
available or well known to those skilled in the art, to give compounds of fonnula 11-2. 
Where and R^^ are not hydrogen, compounds of formula 3-1 can be prepared 
according to methods well known to those skilled in the art. The reaction is conducted 
at ambient pressure in the absence of solvent or in a reaction inert solvent. Prefen-ed 

1 0 solvents include (CrC4)alcoho!s. aromatic or aliphatic hydrocarbons, polar aprotic 
solvents, halbcarbons and ethers. The reaction time ranges from 2 hours to 3 days 
and the reaction temperature ranges from ambient temperature to the reflux 
temperature of the solvent being employed. More specific conditions can be found in 
Indian J. Chem. 1976. 14B, 984 and J. Chem. Soc, Perkin Trans. 1 1984. 2465. 

1 5 Compounds of formula 11-3 are prepared by removal of the benzyl protecting 

group from a compound of fomiula 1 1 -2 in a manner analogous to the method 
employed for the preparation of compounds of 2-6 described above. 

Compounds of formula 1 1-4 are prepared by the displacement reaction of an 
amine of the formula 1 1 -3 as described in Scheme 1 . where the amine 1 1 -3 is 

20 equivalent to R^-H. 
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Scheme 12 




Compounds of formula 12-3 and 12-3a where R" and R^ are (C,- 
5 C6)alkoxycarbonyl, (CrC6)alkylcarbonyl. Ar^-carbonyl. (Ci-C6)allcylsulfonyl, Ar^- 
sulfonyl. or Ar^-sulfmyl are prepared according to Scheme 12 above and particularly 
as set forth below. 

Compounds of fomiula 12-3 and 12-3a where R" and R^ are as defined in 
the immediately preceding paragraph are prepared by condensation with a compound 

1 0 of fonnula 1 2-2 and 1 2-2a, wherein is chloro. respectively. Examples of 

compounds of fonnula 12-2 and 12-2a include (CrC6)alko)cyCOCI, (Ci-C6)alkylC0CI, 
Ar^-COCI, (CrC6)alkylS02CI. Ar^-SOzCI, or Ar^-SOCI. The reaction is conducted under 
anhydrous conditions in the presence of a non-aqueous base, which includes organic 
amines such as triethylamine, N,N'-diisopropy!ethylamine and pyridine and derivatives 

1 5 thereof. The reaction is conducted in a reaction Inert solvent. Prefenretf solvents for 
the reaction include halocarbon, aliphatic or aromatic hydrocartson. ethers, ethyl 
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acetate, pyridine and combinations thereof. The reaction time ranges from 15 
minutes to 24 hours and the reaction temperature ranges from 0 ^'C to 80 **C or to the 
reflux temperature of the solvent being used. The reactions are preferably conducted 
at from 0 *C to ambient temperature and at ambient pressure. Removal of optional 
5 protecting groups is carried out as described in Scheme 1. 

Compounds of fonnula 12-3 and 12-3a wherein R^^ and R^ are (C^- 
C6)alkylcarbonyl or Ar^-carbonyl are also prepared according to Scheme 12 above 
and particulariy as described below. 

Compounds of formula 12-3 and 12-3a wherein R^^ and R^ are (d- 

1 0 C6)alkylcarbonyl or Ar^-carbonyl are prepared by a condensation reaction with a 
compound of formula 12-2 or 12-2a. respectively, wherein Lv* is hydroxy in the 
presence of coupling agents such as dicyclohexylcarbodiimide or 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride. The reaction is conducted in 
a reaction inert solvent Prefen-ed solvents include halocarbon, aliphatic/aromatic 

1 5 hydrocarbons and ethers. Especially prefen-ed solvents include dichloromethane and 
chloroform. Other coupling agents that can be used are well known to those skilled in 
the art and include, but are not limited to, various phosphine reagents, ethyl 
chloroformate, and N-hydroxysuccinimide. Removal of optional protecting groups is 
carried out as described in Scheme I. 

20 Compounds of formula 1 2-3 where R^^ is (C,-C6)alkyyl are also prepared 

according to Scheme 12 and particulariy as described below. 

Compounds of fonmula 12-3 v^ere R" is (CrC6)alkyl are prepared by reacting 
a compound of fomriula 12-1 with a compound of formula 12-2 where R^^ is (C^ 
C4)alkyl and Lv^ is CI, Br, I. methanesulfonyloxy, p-toluenesulfonyloxy or 

25 trifluoromethanesulfonyloxy. The reaction is conducted under anhydrous conditions in 
the presence of a nonaqueous base, which includes organic amines such as 
triethyiamine, Hunig's base and pyridine and derivatives thereof. The reaction Is 
conducted in a reaction inert solvent. Preferred solvents for the reaction include 
halocarbons, aliphatic or aromatic hydrocarbons, ethers, ethyl acetate, pyridine and 

30 combinations thereof. The reaction time ranges from 15 minutes to 24 hours and the 
reaction temperature ranges from ambient temperature to 80 ''C or to the reflux 
temperature of the solvent being used. The reactions are preferably conducted at 
ambient temperature and pressure. 
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The starting materials and reagents for the above described compounds are 
also readily available or can be easily synthesized by those skilled in the art using 
conventional methods of organic synthesis. For example, many of the compounds 
used herein are related to. or are derived from, compounds found in nature, in which 
5 there is a large scientific interest and commercial need, and accordingly many such 
compounds are commerdally available or are reported in the literature or are easily 
prepared from other commonly available substances by methods which are reported 
in the literature. 

The compounds of the instant invention inhibit the formation of sorbitol 

1 0 dehydrogenase and as such have utility in the treatment of diabetic complications 
including but riot limited to such complications as diabetic nephropathy, diabetic 
neuropathy, diabetic retinopathy, diabetic microangiopathy and diabetic 
macroangiopathy and diabetic cardiomyopathy. The utility of the compounds of the 
present invention as medical agents in the treatment of diseases, such as are detailed 

1 5 herein in mammals (e.g., humans) for example, diabetic complications such as 
diabetic cardiomyopathy, diabetic neuropathy, diabetic nephropathy, diabetic 
retinopathy, diabetic microangiopathy and diabetic macroangiopathy is demonstrated 
by the activity of the compounds of fomnula 1 of this invention in conventional assays. 
Such assays also provide a means whereby the activities of the compounds of 

20 formula I of this invention can be compared with the activities of other known 

compounds. The results of these comparisons are useful for determining dosage 
levels in mammals, including humans, for the treatment of such diseases. 

Measurement of SDH Activity 
Male Sprague-Dawley rats (350-400 g) are used for these experiments. 

25 Diabetes is induced in some of the rats by a tail vein injection of streptozocin, 85 
mg/kg. Twenty-four hours later. 4 groups of diabetic rats are given a single dose of 
the test compound of fomnula I of this invention (0.001 to 100 mg/kg) by oral gavage. 
Animals are sacrificed 4-6 hours after dosing and blood and sciatic nerves are 
harvested. Tissues and cells are extracted with 6% perchloric acid. 

30 Sorisitol in erythrocytes and nerves is measured by a modification of the 

method of R. S, Clements et al. (Science. 166 : 1007-8, 1969). Aliquots of tissue 
extracts are added to an assay system which has final concentrations of reagents of 
0.033 M glycine, pH 9.4, 800 mM H-nlcotine adenine dinucleotide. and 4 units/ml of 
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sorbitol dehydrogenase. After incubation for 30 minutes at room temperature, sample 
fluorescence is determined on a fluorescence spectrophotometer with excitation at 
366 nm and emission at 452 nm. After subtracting appropriate blanks, the amount of 
sorbitol in each sample is determined from a linear regression of sorbitol standards 
5 processed in the same manner as the tissue extracts. 

Fructose is determined by a modification of the method described by M. 
Ameyama, Methods in Enzvmoloqy . 89 : 20-25 (1962). Resazurin is substituted for 
ferricyanide. Aliquots of fissue extracts are added to the assay system, which has 
final concentrations of reagents of 1.2 M citric acid. pH 4.5. 13 mM resazurin. 3.3 

1 0 units/ml of fructose dehydrogenase and 0.068% Triton X-100. After incubation for 60 
minutes at room temperature, sample fluorescence is determined on a fluorescence 
spectrophotometer with exdtation at 560 nm and emission at 580 nm. After 
subtracting appropriate blanks, the amount of fructose in each sample is determined 
from a linear regression of fructose standards processed in the same manner as the 

15 tissue extracts. 

SDH activity is measured by a modification of the method described by U. 
Geriach, Methodology of Enzymatic Analyses , edited by H. U. Bergmeyer, 3. 1 12-1 17 
(1983). Aliquots of sera or urine are added to the assay system, which has final 
concentrations of reagents of 0.1 M potassium phosphate buffer. pH 7.4, 5 mM NAD, 

20 20 mM sorbitol, and 0.7 units/ml of sorbitol dehydrogenase. After incubation for 10 
minutes at room temperature, the average change in sample absorbance is 
determined at 340 nm. SDH activity was presented as milliOD34o units/minute (OD340 
= optical density at 340 nm). 

Any aldose reductase inhibitor may be used as the second compound 

25 (active agent) of this invention for combination therapies. The term aldose 

reductase inhibitor refers to compounds which inhibit the bioconversion of glucose 
to sorbitol catalyzed by the enzyme aldose reductase. Such inhibition is readily 
determined by those skilled in the art according to standard assays (J. Malone. 
Diabetes . 29:861-864, 1980. "Red Cell Sorbitol, an Indicator of Diabetic Control"). 

30 A variety of aldose reductase inhibitors are described and referenced below, 

however, other aldose reductase inhibitors will be known to those skilled in the art. 
The disclosures of U.S. patents listed below are hereby incorporated by reference. 
Also, common chemical USAN names or other designation are in parentheses 
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where applicable, together with reference to appropriate patent literature disclosing 
the compound. 

The activity of an aldose reductase inhibitor in a tissue can be determined 
by testing the amount of aldose reductase inhibitor that is required to lower tissue 
5 sorbitol (i.e., by Inhibiting the further production of sorbitol consequent to blocking 
aldose reductase) or lower tissue fructose (by inhibiting the production of sorbitol 
consequent to blocking aldose reductase and consequently the production of 
fructose). While not wishing to be bound by any particular theory or mechanism, it 
is believed that an aldose reductase inhibitor, by inhibiting aldose reductase, 
1 0 prevents or reduces ischemic damage as described hereinafter. 

Accordingly, examples of aldose reductase inhibitors useful in the 
compositions and methods of this invention Include: 

1 . 3-(4-bromo-2-fluorobenzyl)-3.4-dihydra4-oxo-1 -phthalazineacetic acid 
(ponalrestat, US 4,251.528); 
15 2. N[l(5-trifluoromethyl)-6-methoxy-1 -naphthalenyl]thioxomethyl}-N- 

methylglydne (tolrestat, US 4,600,724); 

3. 5-[(Z,E)-p-methylcinnamylidene]-4-oxo-2-thioxo-3-thia20lideneacetlc 
acid (epalrestat, US 4,464.382. US 4,791.126, US 4.831,045); 

4. 3-(4-bromo-2-fluorobenzyl)-7-chloro-3,4-dihydro-2.4-dioxo-1(2H)- 
20 quinazolineacetic acid (zenarestat, US 4,734.419, and 4,883,800); 

5. 2R.4R-6.7-<lichloro-4-hydroxy-2-methylchroman-4-acetic acid (US 
4.883,410); 

6. 2R.4R-6,7-dichloro-6-fluoro-4-hydroxy-2-methylchroman-4-aceticacid 
(US 4.883,410); 

25 7. 3,4-dihydro-2,8-diisopropyl-3-oxo-2H-1,4-ben20xa2ine-4-acetic acid 

(US 4,771 ,050): 

8. 3.4-dihydro-3-oxo-4-[(4.5,7-trifluoro-2-ben20thiazolyl)methyl]-2H-1.4- 
benzothiazine-2-acetic acid (SPR-210, U.S. 5.252,572); 

9. N-[3.5-dimethyl-4-[(nitromethyl)sulfonyl]phenyl]-2-methyl- 
30 benzeneacetamide (ZD5522, U.S. 5.270,342 and U.S. 5,430,060); 

10. {S)-6-fiuorospiroIchroman-4,4'-imidazoIidine]-2,5'-dione (sorbinil, US 
4,130,714); 
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11. d-2-methyl-6-fluo^o-spiro(chroman-4^4'-imidazolidine)-2^5'-dione (US 
4,540.704); 

12. 2-fluoro-spiro(9H-fluorene-9,4'-imida2olidine)-2',5'-dione (US 
4.438,272): 

5 13. 2J-di-fluoro-spiro(9H-fluorene-9,4'Hmidazolidine)-2',5'-dione (US 

4,436,745. US 4.438.272); 

14. 2.7-di-fluoro-5-methoxy-spiro{9H-fluorene-9,4'-imidazolidine)-2'.5- 
dione (US 4,436,745. US 4.438.272); 

1 5. 7-fluoro-spiro(5H-indenol[1 ,2-b]pyridine-5.3'-pyrrolidine)-2,5'-dione (US 
10 4.436.745, US 4.438.272); 

16. d-cis-6'-chlor(>2\3'Hjihydro-2'-methyl-spiro-(imidazolidine-4.4'-4'H- 
pyrano(2.3-b)pyridine)-2,5Hjione (US 4.980,357); 

17. spiro[imida20lidine-4,5'(6H)-<iuinoline]-2,5-dione-3'-chloro-7.'8'- 
dihydro-7'-methyK5'-cis) (US 5.066.659); 

15 18. (2S.4S)-6-fluoro-2\5'-dioxospiro(chroman-4,4'-imidazolidine)-2- 

carboxamide (US 5.447,946); and 

1 9. 2-[(4-bromch2-fluorophenyl)methyI]-6-fluorospiro[isoquinoline-4(1 H).3'- 
pyrTolidine]-1.2',3,5'(2H)-tetrone (ARI-509. US 5.037,831). 

Other aldose reductase inhibitors include compounds having formula ARI, 




or a pharmaceutically acceptable salt thereof, wherein 
Z in the compound of fomiula ARI is O or S; 

in the compound of fomiula ARI is hydroxy or a group capable of being 
25 removed in vivo to produce a compound of formula ARI wherein R^ is OH; and 

X and Y In the compound of formula ARI are the same or different and are 
selected from hydrogen, trifluoromethyl, fluoro, and chloro. 
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A preferred subgroup within the above group of aldose reductase inhibitors 
includes numbered compounds 1. 2, 3. 4. 5. 6. 9. 10, and 17, and the following 
compounds of Formula ARI: 

20. 3.4-dihydro-3-{5-fluorobenzothia2ol-2-ylmethyl)-4-oxophthalazin-1-yl- 
5 acetic acid [R'=hydroxy; X=F; Y=H]; 

21 . 3-(57-difluorobenzothiazol-2-ylmethyl)-3,4-dihydro-4-oxophthalazin-1 - 
ylacetic acid [R^=hydroxy; X=Y=F]; 

22. 3-(5-chloroben20thia2ol-2-ylmethyl)-3,4-dihydro-4-oxophthala2in-1- 
ylacetic acid [R^=hydroxy; X=CI; Y=H]; 

10 23. 3-(5,7-dichlorobenzothia20l-2-ylmethyl)-3.4-dihydro-4-oxophthalazin-1- 

ylacetic acid [R^=hydroxy; X=Y=CO; 

24. 3.4-dihydro-4-oxo-3-(5-trifluoromethylbenzoxazol-2- 
ylmethyl)phthalazin-1 -ylacetic acid [R^=hydroxy; X=CF3; Y=H]; 

25. 3.4-dihydro-3-(5-fluorobenzoxazol-2-ylmethyl)-4-oxophthala2in-1-yl- 
15 acetic acid [R'=hydroxy; X=F; Y=H]; 

26. 3-(5,7-difluoroben20xa2ol-2-ylmethyl)-3.4-dihydro-4-oxophthala2ln-1- 
ylacetic acid [R'=hydroxy; X=Y=F]; 

27. 3-(5-chlorobenzoxa2ol-2-ylmethyl)-3,4-dihydro-4-oxophthala2in-1- 
ylacetic acid [R'=hydroxy; X=CI; Y=H]; 

20 28. 3-(5,7-dichloroben20xa2ol-2-ylmethyl)-3.4-dihydro-4-oxophthalazin-1 - 

ylacetic add [R^=hydroxy; X=Y=CI]; and 

29. 2opolrestat; 1-phthala2ineaceticacid, 3.4-dihydro-4-oxo-3-[I5- 
(trifluoromethyl}-2-ben20thia2olyl]methyl]- [R^=hydroxy; X=trifluoromethyl; Y=H], 
In compounds 20-23. and 29 Z is S. In compounds 24-28, 2 is O. 
25 Of the above subgroup, compounds 20-29 are more preferred with 29 

especially preferred. 

An especially preferred aldose reductase inhibitor is 1-phthala2ineacetic 
acid, 3,4-dihydro^-oxo-3-[[5-trifluoromethyl)-2-ben20thia20lyl]methyl]-. 

The tenm "acyl radical of a carboxylic add aldose reductase inhibitor" refers 
30 to any of the above-mentioned aldose reductase inhibitors which contains a 

carboxylic acid group In which the carboxylic add group is replaced with a carbonyl 
radical. 
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The aldose reductase inhibitor compounds of this invention are readily 
available or can be easily synthesized by those skilled in the art using conventional 
methods of organic synthesis, particularly in view of the pertinent patent 
specification descriptions. 
5 An amount of the aldose reductase inhibitor of this invention that is effective 

for the activities of this invention may be used. Typically, an effective dosage for the 
aldose reductase inhibitors of this invention is in the range of about 0.1 mg/kg/day to 
100 mg/kg/day in single or divided doses, preferably 0.1 mg/kg/day to 20 mg/kg/day in 
single or divided doses. 

1 0 Any sodium hydrogen ion exchange (NHE-1 ) inhibitor may be used as the 

second compound (active agent) of this invention for combination therapies. The temi 
NHE-1 inhibitor refers to compounds which inhibit the sodium/proton (Na*/H*) 
exchange transport system and hence are useful as a therapeutic or prophylactic 
agent for diseases caused or aggravated by the acceleration of the sodium/proton 

1 5 (NaVH*) exchange transport system, for example, cardiovascular diseases [e.g.. 

arteriosclerosis, hypertension, antiythmia (e.g. ischemic arrhythmia, arrhythmia due to 
myocardial infarction, myocardial stunning, myocardial dysfunction, arrtiythmia after 
PTCA or after thrombolysis, etc.), angina pectoris, cardiac hypertrophy, myocardial 
Infarction, heart failure (e.g. congestive heart failure, acute heart failure, cardiac 

20 hypertrophy, etc.). restenosis after PTCA, PTCI, shock (e.g. hemorriiagic shock. 
endotoxin shock, etc.)]. renal diseases (e.g. diabetes mellitus. diabetic nephropathy, 
ischemic acute renal failure, etc.) organ disorders associated with ischemia or 
ischemic reperfusion [e.g. heart muscle ischemic reperfusion associated disorders, 
acute renal failure, or disorders induced by surgical treatment such as coronary artery 

25 bypass grafting (CABG) surgeries, vascular surgeries, organ transplantation, non- 
cardiac surgeries or percutaneous transluminal coronary angioplasty (PTCA)]. 
cerebrovascular diseases (e.g. ischemic stroke, hemorriiagic stroke, etc.), cerebro 
ischemic disorders (e.g. disorders associated with cerebral infarction, disorders 
caused after cerebral apoplexy as sequelae, or cerebral edema. NHE-1 inhibitors can 

30 also be used as an agent for myocardial protection during coronary artery bypass 
grafting (CABG) surgeries, vascular surgeries, percutaneous transluminal coronary 
angioplasty (PTCA), PTCI. organ transplantation, or non-cardiac surgeries. The utility 
of NHE-1 inhibitors as medical agents in the treatment of diseases, such as are 
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10 



15 



20 



25 



detailed herein in mammals (e.g. humans) for example, myocardial protection during 
surgery or mycardial protection in patients presenting with ongoing cardiac or cerebral 
ischemic events or chronic cardioprotection in patients with diagnosed coronary heart 
disease, or at risk for coronary heart disease, cardiac dysfunction or myocardial 
stunning is demonstrated by the activity of the compounds of formula I of this 
invention in conventional preclinical cardioprotection assays [see the in vivo assay in 
Klein, H. et at.. Circulation 92:912-917 (1995); the isolated heart assay in Scholz, W. 
et al., Cardiovascular Research 29:260-268 (1995); the antiarrhythmic assay in 
Yasutake M. et al.. Am. J. Physio!., 36:H2430-H2440 (1994); the NMR assay in Koike 
et al., J. Thorac. Cardiovasc. Surg. 112: 765-775 (1996)] and the additional in vitro 
and in vivo assays described below. Such assays also provide a means whereby the 
activities of the compounds of formula I of this invention can be compared with the 
activities of other known compounds. The results of these comparisons are useful for 
determining dosage levels in mammals, including humans, for the treatment of such 
diseases. 

NHE-1 inhibitors are disclosed in U.S. Pat. No. 5,698.581, European Patent 
Application Publication No. EP 803 501 Al. Intemational Patent Application 
Publication Nos, WO 94/26709 and PCT/JP97/04650, each of which Is incorporated 
herein by reference. The NHE-1 inhibitors disclosed therein have utility in the 
combination of this invention. Said NHE-1 inhibitors can be prepared as disclosed 
therein. 

Preferred NHE-1 inhibitors include compounds of the formula NHE. 



a prodnjg thereof or a pharmaceutically acceptable salt of said compound or 
of said prodrug, wherein 

Z in the compound of formula NHE is carbon connected and is a five- 
membered. diaza. diunsaturated ring having two contiguous nitrogens, said 
ring optiorfally mono-, di-. or tri-substituted with up to three substituents- 
independently selected from R\ R^ and R' ; 
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or 

Z in the compound of formula NHE carbon connected and is a five- 
membered, triaza, diunsaturated ring, said ring optionally mono- or di- 
substituted with up to two substituents independently selected from and R*; 
5 wherein R\ R^ , R' and R* in the compound of formula NHE are 

each independently hydrogen, hydroxy-{CrC4)alkyl, (CrC4)alkyl, (C^ 
C4)alkylthio, (C3-C4)cycloa!kyl, (C3-C7)cycloalkyl(CrC4)alkyl, (CrC4)alkoxy, (Cr 
C4)alkoxy(Ci-C4)alkyl, mono-N- or di-N,N-(CrC4)a!kylcari3amoyl, M or M(Cr 
C4)alkyl, any of said previous (CrC4)aIky! moieties optionally having from one 

1 0 to nine fluorines; said (CrC4)alkyl or (C3-C4)cycloalkyl optionally mono-or di- 
substituted independently with hydroxy, (CrC4)alkoxy. (CrC4)alky!thio, (C,- 
C4)alkylsulfinyl. (CrC4)alkylsulfonyl. (CrC4)alkyl, mono-N- or dhN,N-(Cr 
C4)alkylcarbamoyl or mono-N- or di-N.N-(C,-C4)alkylaminosulfonyl; and said 
(C3-C4)cycloalkyi optionally having from one to seven fluorines; 

1 5 wherein M in the compound of fonnula NHE is a partially saturated, 

fully saturated or fully unsaturated five to eight membered ring optionally 
having one to three heteroatoms selected independently from oxygen, sulfur 
and nitrogen, or. a bicyclic ring consisting of two fused partially saturated, fully 
saturated or fully unsaturated three to six membered rings, taken 

20 independently, optionally having one to four heteroatoms selected 
independently from nitrogen, sulfur and oxygen; 

said M in the compound of formula NHE is optionally substituted, on 
one ring if the moiety is monocyclic, or one or both rings if the moiety is 
bicyclic. on carbon or nitrogen with up to three substituents independently 

25 selected from R®, R^ and R", wherein one of R^ R^ and R^is optionally a 
partially saturated, fully saturated, or fully unsaturated three to seven 
membered ring optionally having one to three heteroatoms selected 
independently from oxygen, sulfur and nitrogen optionally substituted with (Cr 
C4)alkyl and additionally R^ R^ and R" are optionally hydroxy, nitro. halo. (C^ 

30 C4)alkoxy, (CrC4)alkoxycarbonyl. (CrC4)alkyl, fonnyl. (CrC4)alkanoyl. (C,- 
C4)alkanoyloxy. {CrC4)alkanoylamlno, (CrC4)alkoxycartDonylamino. 
sulfonamido, (CrC4)alkylsulfonamido, amino, mono-N- or di-N,N-(Cr 
C4)alkylamino. carbamoyl, mono-N- or di-N,N-(Ci-C4)aIkylcarbamoyl. cyano. 
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thiol. (CrCJalkylthio, (CrC4)alkylsulfinyl, (CrC4)alkylsulfonyl, mono-N- or di- 
N.N-(CrC4)alkylaminosulfonyl, (C2-C4)alkenyl. (C2-C4)alkynyl or (Cg- 
C7)cycloalkenyl, 

wherein said (CrC4)alkoxy, (CrC4)alkyl, (Ct-C7)alkanoyl, (CrC4)alkylthio, 
5 mono-N- or di-N,N-(CrC4)alkylamino or (C3-C7)cydoalkyl R^ and R^substituents 
are optionally mono- substituted independently with hydroxy, (Ci-C4)alkoxycarbonyl, 
(C3-C7)cydoalkyl. (CrC4)alkanoyl, (C,-C4)alkanoylamino, (C,-C4)alkanoyloxy. (C^ 
C4)alkoxycarbonylamino, sulfonamido, (Ci-C4)alkylsulfonamido, amino. mono-N- or di- 
N.N-(CrC4)alkylamino. carbamoyl. mono-N- or di-N.N-(CrC4)alkylcarbamoyl. cyano, 

10 thiol, nitro, (Ci-C4)alkylthio. (CrC4)alkylsulfinyl. (CrC4)alkylsulfonyl or mono-N- or di- 
N,N-(Ci-C4)alkylaminosulfonyl or optionally substituted with one to nine fluorines. 

Especially preferred NHE-1 inhibitors include [1-(8-bromoquinolin-5- 
yl)-5-cyclopropyl-1 H-pyrazole-4-carbonyl]guanidine; [1 -(6-chloroquinolin-5-yl)- 
5-cyclopropyl-1H-pyra2ole-4-carbonyl]guanidine; (1-(inda2ol-7-yl)-5- 

1 5 cyclopropyl-1 H-pyra2ole-4-carbonyI]guanidine; [1-{ben2imida2ol-5-yl)-5- 
cyclopropyl-1 H-pyra2ole-4-carbonyl]guanidine; [1-(1 -isoquinolyl)-5- 
cyclopropyl-1H-pyra2ole-4-carbonyI]guanidine; [5-cyclopropyl-1-(4-quinolinyl)- 
1 H-pyra2ole-4-carbonyI]guanidine; [5-cyclopropyl-1 -(quinolin-5-yl)-1 H- 
pyrazole^-carbonyljguanidine; [5-cyclopropyl-1 -(quinolin-8-yl)-1 H-pyrazole-4- 

20 carbonyl]guanidine; [1 -(inda2olr6-yl)-5-ethyl-1 H-pyra20le-4- 
carbonyl]guanidine; [1 -{inda2oI-5-yl)-5-ethyl-1 H-pyra20le-4- 
carbonyl]guanidine; [1 -(benzimidazol-5-yl)-5-ethyl-1 /-/-pyra20le-4- 
carbonyljguanidine; [1 -{1 -methylbenzimidazol-6-yl)-5-ethyl-1 H-pyrazole-4- 
carbonyl]guanidine; 1 -(5-quinolinyl)-5-/?-propyl-1 H-pyra20le^- 

25 carbonyljguanidine; [1 -(5-quinoIinyl}-5-isopropyl-1 H-pyra20le-4- 
carbonyl]guanidine; [5-€thyl-1-(6-quinolinyl)-1 H-pyrazole-4- 
carbonyljguanidine; [1 -(2-methylbenzimidazol-5-yl)-5-ethyl-1 H-pyrazole-4- 
carbonyllguanidine; [1-(1 ,4-ben20dioxan-6-yl)-5-ethyl-1 H-pyra20le-4- 
carbonyl]guanidine; [1 -(benzotriazol-5-yl)-5-ethyl-1 H-pyra20le-4- 

30 carbonyljguanidine; [1 -(3-chloroinda2ol-5-yl)-5-ethyl-1 H-pyrazole-4- 
carbonyljguanidine; [1-(5-<juinolinyl)-5-butyl-1 H-pyra2ole-4- 
carbonyljgtjanidine; [5-propyl-1-(6-quinolinyl)-1 H-pyra2ole-4- 
carbonyOguanidine; [5-isopropyl-1 -(6-quinolinyl)-1 H-pyra20le-4- 
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carbonyl]guanidine; [1 -(2-chloro-4-methylsulfonylphenyl)-5-cyclopropyl-1 hi- 
pyrazole-4-carbonyl]guanidine; [1 -(2-chlorophenyl)-5-cyclopropyM H-pyrazole- 
4-carbonyl]guanidine; [1 -(2-trifluoromethyl-4-fluorophenyl)-5-cyclopropyl-1 H- 
pyrazole-4-carbonyl]guanidine; [1 -(2-bromophenyl)-5-cyclopropyl-1 
5 pyrazole-4-carbonyl]guanidine; [1 "(2-fluorophenyl)-5-cyclopropyl-1 H-pyrazole- 
4-carbonyl]guanidine; [1 -(2-chloro-5-methoxyphenyl)-5-cyclopropyl-1 H- 
pyrazole-4-carbonyl]guanidine; [1 -(2-chloro-4-methylaminosulfonylphenyl)-5- 
cyclopropyl-1H-pyrazole-4-carbonyl]guanidine; [1-(2,5-dichlorophenyl)-5- 
cyclopropyl-1 H-pyrazole-4-carbonyOguanidine; [1 -(2,3-dichlorophenyl)-5- 

1 0 cyclopropyl-1 H-pyrazole-4-carbonyr|guanidine; [1-(2-chloro-5- 

aminocarbonylphenyl)-5-cyclopropyl-1W-pyrazole-4-carbonyl]guanidine; [1-{2- 
chloro-5-anninosuifonylphenyl)-5-cyclopropyMH-pyrazole-4- 
carbonyl]guanidine; [1 -{2-fluoro-6-trifluoromethylphenyl)-5-cyclopropyl-1 H- 
pyrazole-4-carbonyl]guanidine; [1-(2-chloro5-methylsulfonylphenyl)-5- 

1 5 cyclopropyl"1 H-pyra20le-4-carbonyl]guanidine; [1 -(2-chloro-5- 
dinnethylaminosulfonylphenyl)-5-cyclopropyHH-pyrazole-4- 
carbonyl]guanidine; [1 -{2-trifluoromethyl-4-chlorophenyl)-5-cyclopropyl-1 H- 
pyra2ole-4-carbonyl]guanidine; [1 -(2-chlorophenyl)-5-methyl-1 H-pyrazole-4- 
carbonyl]guanidine; [5-methyl-1 -(2-trifluoromethylphenyI)-1 H-pyra20le-4- 

20 carbonyijguanidine; [5-ethyl-1-phenyHH-pyrazole-4-cart)onyl]guanidine; [5- 
cyciopropyH -(2-trifluoronnethylphenyl)-1 H-pyrazole-4-carbonyl]guanidine; (5- 
cyclopropyl-1 -phenyl-! H-pyrazole-4-carbonyl]guanidine; [5-cyclopropyl-1 -(2,6- 
dichlorophenyl)-1 H-pyrazole-4-carbonyl]guanidine or or a pharmaceutically 
acceptable salt thereof. 

25 The preferred and especially preferred NHE-1 inhibitors disclosed in the above 

two paragraphs can be prepared according to methods set forth in International 
Patent Application No. PCT/IB9g/00206 or as set forth below, where the variables in 
the following schemes and description refer only to the NHE-1 compounds. 
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SCHEME III 
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lll-c 
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SCHEME IV 
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SCHEME VIII 




Vlll-e Vlll-g 



10 



Acco^tln, to scheme I. ^ Fonnula 1-a compound, »hereln R' is as descnbed 
above .or me compound olformula NHE, i. disso.«d or suspended In an adueous 
a« me,3, hydroxide sd,u«dn (e.g. 1 N Sddium hydroxide) along ».m s^.um n m le 
3^ me mature is «lded » an adueous add. s<*^ (e* 10% v^ sul^nc aad, a 
pHo.abou.Oa.a,en^ra.ureo.abou,OX»ahom5.C.orabou.30r™n.oal>ou.1 

L Theresu«ng,rax.u,els«l.e«d.o,ieldmeF»n,u.aW.o«lme. All«haWely. 

1.3 complnd . d^s^ed m 1. a««c add/prop^lc add and sCd s^um 

n«e . added a.abou.0^. The «aceon .s^red ^^^'^^^^ 
hlmenpo-edin»ic«wa.erandmeFom,>iaH.o*«,sob.anedby«Uon^ 

T;eFom,-al.hcon^nd.reao.edv*aFom^aUcompound.v*e«.n 
is as desoibed above Idc me oompou,^. of fannula NHE in a p«* solvent su* as 
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ethanol at a temperature of about 50°C to about 1 10°C for about 10 min to about 1 
hour to form the Formula l-d hydrazone. 

The Formula l-d hydrazone is cyclized and hydrolyzed to the Formula 1-e 
triazole in an alcoholic solvent such as 2-ethoxyethanol under basic conditions (e.g., 
5 potassium hydroxide) at a temperature of about 1 00 "^C to about 175°C for about 1/2 
hour to about 2 hours followed by acidification to yield the Fonnula l-e triazole acid. 

The Formula l-e add is coupled with guanidine in the presence of a suitable 
coupling agent. A suitable coupling agent is one which transfomrjs a carboxylic acid 
into a reactive species which forms an amide linkage on reaction with an amine. 
10 The coupling agent may be a reagent which effects this condensation in a one 

pot process when mixed together with the carboxylic acid and guanidine. Exemplary 
coupling reagents are 1-{3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride- 
hydroxybenzotriazole (EDC/HBT), 

dicyclohexylcarbodiimide/hydroxybenzotriazole(HBT), 2-ethoxy-1-ethoxycarbonyM,2- 

15 dihydroquinoline (EEDQ), and diethylphosphorylcyanide. The coupling is performed 
in an inert solvent, preferably an aprotic solvent at a temperature of about -20**C to 
about 50°C for about 1 to about 48 hours, in the presence of excess guanidine as 
base. Exemplary solvents include acetonitrile. dichloromethane, dimethylformamide 
and chloroform or mixtures thereof. 

20 The coupling agent may also be that agent which converts the carboxylic acid 

to an activated intermediate which is isolated and/or formed in a first step and allowed 
to react with guanidine in a second step. Examples of such coupling agents and 
activated intermediates are thionyl chloride or oxalyl chloride to fonm the acid chloride, 
cyanuric fluoride to form an add fluoride or an alkyi chlorofomiate such as isobutyl or 

25 isopropenyl chloroformate or propanephosphonic anhydride (propanephosphonic add 
anhydride. PPA) (with a tertiary amine base) to form a mixed anhydride of the 
carboxylic add, or carbonyldiimidazole to form an acylimidazole. If the coupling agent 
is oxalyl chloride, it is advantageous to employ a small amount of dimethylformamide 
as cosolvent with another solvent (such as dichloromethane) to catalyze the formation 

30 of the acid chloride. This activated add derivative may be coupled by mixing with 
excess guanidine in an appropriate solvent together with an appropriate base. 
Appropriate solvent/base combinations are for example, dichloromethane. 
dimethylfomnamide or acetonitrile or mixtures thereof in the presence of excess 
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guanidine as base. Other appropriate solvent/base combinations include water or a 
(CrC6)aIcohol or a mixture thereof together with a cosolvent such as 
dichloromethane, tetrahydrofuran or dioxane and a base such as sodium, potassium 
or lithium hydroxide in sufficient quantity to consume the acid liberated in the reaction, 
5 Use of these coupling agents and appropriate selection of solvents and temperatures 
are known to those skilled in the art or can be readily determined from the literature. 
These and other exemplary conditions useful for coupling carboxylic adds are 
described in Houben-Weyl. Vol XV. part II, E. Wunsch. Ed., G. Theime Verlag, 1974. 
Stuttgart; M. Bodansky, Principles of Peptide Synthesis, Springer- Veriag, Berlin 1984; 

10 and The Peptides, Analysis, Synthesis and Biology (ed. E. Gross and J. Meienhofer), 
vols 1-5 (Academic Press, NY 1979-1983). 

According to Scheme II, the Formula ll-a primary amine wherein is as 
described above for the compound of formula NHE is reacted with a Formula ll-b a- 
diazo-p-keto-ester wherein is as described above for the compound of fonmula 

1 5 NHE. and R is lower alkyl. in the presence of titanium tetrachloride analogously to the 
method described in Eguchi S. ef a/. Synthesis 1993, 793 to fonm the Formula ll-c 
triazole carboxylic acid ester. The Fonnula II-c ester is converted directly to the 
acylguanidine ll-d by reaction with guanidine in an alcoholic solvent at a temperature 
of about 60 to about ne'e, preferably refluxing methanol, for a period of 8 to 20 

20 hours. . 

According to Scheme III, the Fonmula lll-a compound wherein R* and R^ are 
as described above for the compound of formula NHE is treated with Lawesson's 
reagent (i.e., 2.4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide) in 
an aprotic solvent such as dimethoxyethane at a temperature of about 20**C to about 

25 120^C for about one to eight hours. The resulting thioamide is treated with an 
alkylating agent such as methyl iodide in a polar, inert solvent such as acetone, 
conveniently at ambient temperature for about eight hours to about forty-eight hours. 
The resulting compound is reacted with anhydrous hydrazine in an alcoholic solvent 
at a temperature of about O'^C to about 25°C for about one to eight hours to provide 

30 the Formula lll-b compound (analogously as described in Doyle and Kurzer, 
Synthesis 1974, 583). 

The Formula lll-b compound is treated with a monoalkyloxalyl chloride in an 
aprotic solvent at a temperature of about 25**C to about SO^'C for about one to eight 
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hours to provide the Formula lll-c carboxylic ester compound wherein R is lower alkyi. 
The Formula lll-c ester is directly coupled with guanidine in an alcoholic solvent at a 
temperature of about 60°C to about 1 10 ^C. preferably refluxing methanol, for a period 
of eight to twenty hours, to prepare the Formula 
5 lll-d triazole carbonyl guanidines. 

According to Scheme fV the Formula IV-a compound wherein is as 
described above for the compound of fomiula NHE is treated with methyl iodide in an 
inert solvent, conveniently at ambient temperature for about four to twenty-four hours. 
The resulting compound is reacted with anhydrous R^ -hydrazine (wherein R^ is as 

1 0 described above for the compound of fonmula NHE) in an alcoholic solvent at a 
temperature of about O^C to about 25^C for about one to eight hours to provide the 
Fomnula IV-b amidrazone compound (analogously as described in Doyle and Kurzer, 
Synthesis 1974, 583). 

The Fonmula IV-b compound is treated with a monoalkyloxalyl chloride in an 

1 5 aprotic solvent at a temperature of about 25^C to about 50°C for about one to eight 
hours to provide the Fonnula IV-c cartoxylic ester compound wherein R is lower alkyl. 
The Fomiula IV-c ester is directly coupled with guanidine in an alcoholic solvent at a 
temperature of about 60^0 to about 110°C, preferably refluxing methanol, for a period 
of eight to twenty hours to prepare the Formula IV-d triazole carbonyl guanidines. 

20 According to Scheme V the Fomnuia V-a compound wherein R^ is as 

described above for the compound of fonnula NHE is combined with excess 
(CH30)2C(R^)N(CH3)2 (N,N-dimethyl amide dimethyl acetal) wherein R^ is as 
described above for the compound of formula NHE, optionally in the presence of an 
acid catalyst such as p-toluenesulfonic add at a temperature of about 90°C to about 

25 1 1 0°C for about one to about two hours to prepare the Fonnula V-c compound above. 
The Fonnula V-c compound is cyclized with a Formula V-d compound, 
wherein R^ is as described above for the compound of formula NHE. in an inert 
solvent such as ethanol at a temperature of about 20*'C to about 30*C for about 5 
minutes to about one hour followed by heating to a temperature of about 70°C to 

30 about 1 1 0°C for about two hours to about four hours to form the Fonmula V-f pyrazole. 

Altematively. according to Scheme V the Fonmula V-a compound, wherein R^ 
is as described above for the compound of formula NHE. is combined with a 
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triethylorthoester (i.e.. R'C(OEt)3 wherein is as described above for the compound 
of formula NHE) and acetic anhydride at a temperature of about 120»C to about 150 
«C for about two to about five hours to prepare the Formula V-b compound. 

The Formula V-b compound is cydized with a Fomiula V-d compound. 
5 wherein R* is as described above for the compound of fonmula NHE. to form the 

Formula V-c pyrazole. 

The Formula V-c pyrazole Is hydrolyzed with a base such as sodium 
hydroxide or lithium hydroxide In a solvent such as water and/or methanol and/or THF 
conveniently at ambient temperature or at elevated temperature (e.g.. reflux) for about 
1 0 one hour to about five hours to prepare the Fomiula V-f acid . 

The Formula V-f acid is coupled with guanidine in the presence of a suitable 
coupling agent as described for the above coupling of the Formula l-e acid and 
guanidine. In one embodiment, the Fomiula V-f acid is activated with thionyl chloride 
at a temperature of about 60»C to about 90»C for about fifteen minutes to about two 
1 5 hours. The resulting activated acid chloride is combined with guanidine hydrochloride 
and an inorganic base (e.g.. sodium hydroxide) in anhydrous tetrahydrofuran and 
optionally methanol and/or water. The solution is heated, conveniently at reflux, for 
about one hour to about eight hours to prepare the Formula V-g compound. 

Alternatively according to Scheme V the Fomnula V-e compound can be 
20 directly converted to the Fomiula V-g compound by several methods. For example, 
the Formula V-e compound can be heated in the presence of excess guanidine. in a 
polar protic solvent for example, methanol or isopropanol at a suitable temperature 
convenienUy. at reflux for about one to about seventy-two hours. This transfomiation 
may also be perfomied by repeatedly removing the solvent for example removing 
25 ethanol or toluene about four times, from a mixture of the Formula V-e compound and 
excess guanidine at a pressure of about one to about 1 00 mmHg and at a 
temperature of about 25°C to about 95°C. This reaction may also be performed in the 
absence of solvent by heating the mixture of the Formula V-e compound and excess 
guanidine at a temperature of about 100»C to about 1 80»C. optionally at about a 
30 pressure of about 1 to about 1 00 mmHg for about five minutes to about eight hours. 
According to Scherrie VI. the Fomiula Vl-a compound, wherein R^ is as 
described above for the compound of fomiula NHE. is reacted with the Formula Vl-b 
compound, wherein R^ and R' are as described above for the compound of formula 
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NHE. in an aprotic solvent at a temperature of about 0»C to about 25°C for about two 
hours to about twenty-four hours in the presence of an appropriate amine base, such 
as triethylamine, to form the Formula Vl-c compound. 

The resulting Formula Vl-c compound is hydrolyzed and coupled with 
5 guanidine using one of the methods described in earlier Schemes, such as the 
method employing cartonyldiimidazole, to fonm the Formula Vl-d compound. 

According to Scheme VII. the Fomnula Vll-a hydrazine, wherein R* is as 

described above for the compound of formula NHE. is reacted with the appropriate 
Fonnula Vll-b compound to fomn the Fomiula Vll-c pyrazole ester wherein R is lower 
1 0 aikyi according to the method of Bajnati, A. and Hubert-Habart. M. Bull. Soc. Chim. 
France 1988. 540. The resulting pyrazole ester is converted to the Fonnula Vll-d acyl 
guanidine using the hydrolysis and coupling methods described above. 

According to Scheme VIII. the Fonnula Vlll-a compound wherein and R' 
are as described above for the compound of fonnula NHE is transformed to the 
1 5 Fonnula Vlll-b lithium salt where R is lower alkyi according to the method described in 
J. Het Chem. 1989, 26. 1389. The Fonnula Vlll-b lithium salt is combined with the 
Formula Vlll-c hydrazine, wherein P? is as described above for the compound of 
fonnula NHE. in an inert solvent such as ethanol, in the presence of a mineral acid, at 
a temperature of . about.20«C.to about SO'C for about five minutes to about one hour 
20 followed by heating to a temperature of about 70°C to about 1 1 0'C for two hours to 
about four hours to form both the Fonnula Vlll-d and Vlll-e pyrazoles. TTie Fonnula 
Vlll-d and Vlll-e pyrazoles are converted to the Formula Vlll-f and Vlil-g acyl 
guanidines respectively using the hydrolysis and coupling methods described above. 
Some of the methods useful for the preparation of the compounds described herein 
25 may require protedion of remote functionality (e.g.. primary amine, secondary amine, 
cartjoxyl in Fonnula I precursors). The need for such protection will vary depending on 
the nature of the remote functionality and the conditions of the preparation methods. 
The need for such protection is readily detennined by one skilled in the art. The use of 
such protedion/deprotection methods is also within the skill in the art. For a general 
30 description of protecting groups and their use. see T.W. Greene. Protective Gmups in 
Oiyanic Synthesis, John Wiley & Sons. New Yoric, 1991. 

The compounds of fonnula I of the present invention, when used In 
combination with NHE-1 inhibitors, inhibit the sodium/proton (Na*/H*) exchange 
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^nsport sys^m and hence a« useM as a merapeu«c o, prophy ac, c Bern tor 
leL caused or aggrava^d by me acceleraUon o. me scd,un.,=ro.on (Na « ) 
exchangetransportsystem.(brexample,ca,Jiovasculardiseasesle.g.. 

a^erosls hyper^ns^, arrhy*^ (e-S- ^*er^c armymn^' ^'^^'"'^ f '° 

^,a, ^..rcT. myccar^l f^*™^ 
^ora«er««n*o^sis.eto.).an3inapectoHs, cardiac hyper»cphy,my«ard«, 

,^,hea,,.a«u,e(e.g.c»r^hea,.«lure, acute .ear..a«e,ca*c 
hypertrophy, ate.), restenosis a«er PTCA. FTC. she* (e.g. hemon^ag.c shock. 
To J sho*. e..,.. rena, d^^ases <e.g. d.be.es .ne.l.s. ' 
ischen^c acute renal failure, ete.) organ dterxder. asscdated w,«, .schema „ 
:^c reper^^s^ le.g. heart ™sde Ischemic reper^slon assodared d^order. 
:lrena,*,e.ordlso«....duced>>ysu,lcal.ea,n,en.suchascoro«^ 

hypassgra«ng,CABG)surge,les.vas™iarsurgertes. organ .ansp^n^^^^^^^ 
carxilac surgeries or percuUheous.ranslumlnal coronary ang,oplas.y(PTCAiL^^ 
; „.ebrovascu.ardlseases(e.g.ls*enacs«e.hen„nhag,csUoKe.ec.,.^rebro 

lacheoac dlso«i«s (e.,. disorders assodated wim cerebral ln.arc«on. d^orders 

caused after cerebral apoptexy as sequelae, or cerebral edema. 

Preferably.theconpoundsoffomiulaiofthisinventioncanbeused.. 

eo„«««oo«imNHE.1inhibitersasa9en.s.or myocardial protecuon before. dunng, 
0 „aftercorona,ya-«.ybypassg.afiing(CABG)surgehes,vasc«larsurse^s^ 
percuteneous transluminal coronary anglop^ty (PTCA), organ transpiantatMO. or 

non-cardiac surgertes. 

Preferably, the compounds of fom-ula 1 of this invenUon can be used ,n 
conation with NHE-f inhibitors as agents for myocardial protection In paUente 
.5 presenting with ongoing cardiac (acute con>nary syndromes, e.g. myocard^l 
infarction or unstable angina) or cerebral ischemic events (e.g.strol.e). 

Preferably, the compounds of fomrula 1 of this Invention can be used m 

c„„«,a«<« with NHE.1 inhibit^s as agents for chronic myocardial P™-""^ 

patiente wi^ d-,agnosed corona^ heart disease (e.g. previous "^^""'^ 
30 LabteangMorpa«entswhoareath^,tsK.ormyo=a,.^l~(a9egreater 

lhan 65 and two or more risk factors for coronary heart disease). 

addition, a comblnaBon of the compounds of forn^la 1 of this inventonwtth 
NHE-IW^orshasasUonglnhlbHory effect 00 the proliferation of ce»s. for example 
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the proliferation of fibroblast cells and the proliferation of the smooth muscle cells of 
the blood vessels. For this reason, the combination of the compounds of fomiula I of 
this invention with NHE-1 inhibitors of this invention is a valuable therapeutic agent for 
use in diseases in which cell proliferation represents a primary or secondary cause 
5 and may. therefore, be used as antiatherosderotic agents, and as agents against 
diabetic late complications, cancerous diseases, fibrotic diseases such as pulmonary 
fibrosis hepatic fibrosis or renal fibrosis, glomemlar nephrosclerosis, organ 
hypertrophies or hyperplasias, in particular hyperplasia or hypertrophy of the prostate, 
pulmonary fibrosis, diabetic complications or recurrent stricture after PICA, or 
10 diseases caused by endothelial cell injury. 

The utility of the combination of compounds of the present invention with NHE- 
1 inhibitors as medical agents in the treatment of diseases, such as are detailed 
herein in mammals (e.g. humans) for example, myocardial protection during surgery 
or mycardial protection in patients presenting with ongoing cardiac or cerebral 
ischemic events or chronic cardioprotection in patients with diagnosed coronary heart 
disease, or at risk for coronary heart disease, cardiac dysfunction or myocardial 
stunning is demonstrated by the activity of said combination in conventional preclinrcal 
cardioprotection assays [see the in vivo assay in Klein. H. et al.. Circulation 92:912- 
917 (1995): the isolated heart assay in Scholz. W. et al.. Cardiovascular Research 
29:^6-268 (1995); the antiarrhythmic assay in Yasutake M. et al.. Am. J. Physiol.. 
36:H2430-H2440 (1994)- the NMR assay in Koike et al., J. Thorac. Cardiovasc. Surg. 
112: 765-775 (1996)] and the additional in vitro and in vivo assays described below. 
Sudi assays also provide a means whereby the activities of the compounds of 
fomiula I of this invention can be compared with the activities of other known 
compounds. The results of these comparisons are useful for detemnining dosage 
levels in mammals, including humans, for the treatment of such diseases. 

Measurement of Human NHE-1 Inhibitory Activity 
Methodologies for measurement of human NHE-1 activity and inhibitor 
potency are based on those published by Watson et al.. Am. J. Physiol.. 24:G229- 
G238, 1991), where NHE-mediated recovery of intracellular pH is measured following 
intracellular acidification. Thus, fibroblasts stably expressing human NHE-1 
(Counillon; L et al.. Mol. Phamiacol.. 44:1041-1045 (1993) are plated onto collagen 
coated 96 well plates (50.000/well) and grown to confluence in growth media (DMEM 
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high glucose. 10% fetal bovine serum. 50 u/ml penicillin and streptomycin). Confluent 
plates are incubated for 30 minutes at ZTC with the pH sensitive fluorescent probe 
BCECF (5 MM; Molecular Probes. Eugene. OR). BCECF loaded cells are incubated 
for 30 minutes at Z7'>C in acid loading media (70 mM choline chloride, 50 mM NHCI,. 5 

5 mM KCl. 1 mM MgCI,. 1.8 mM CaCI,. 5 mM glucose. 10 mM HEPES. pH 7.5). and 
then placed in a Fluorescent Imaging Plate Reader (Molecular Devices. CA). BCECF 
fluorescence is monitored using excitation and emission wavelengths of 485 nM and 
525 nM. respectively. Intracellular acidification is initiated via rapid replacement of 
acid loading media with recovery media (120 mM NaCi. 5 mM KCl. 1 mM MgCI^. 1.8 

10 mM CaCl^. 5 mM glucose. 1 0 mM HEPES. pH 7.5) ± test combination, and NHE- 
mediated recovery of intracellular pH is monitored as the subsequent time-dependent 
increase BCECF fluorescence. The potency of the combinations of the compounds of 
formula 1 of this invention with NHE-1 inhibitors is calculated as the concentration that 
reduces recovery of intracellular pH by 50% (IC«,). Under these conditions reference 

15 NHE inhibitors amiloride and HOE-642 had ICso values for human NHE-1 of50nM 

and 0.5 \iM, respectively. 

As background infonnation. it is noted that brief periods of myocardial 
ischemia followed by coronary artery reperfusion protects the heart from subsequent 
severe myocardial ischemia (Murry et al.. Circulation 74:1 124-1136. 1986). 

20 The therapeutic effects of the combination of the compounds of fonnula I of 

this invention with NHE-1 inhibitors in preventing heart tissue damage resulting from 
an ischemic insult can be demonstrated in vitro along lines presented in Liu et al. 
(Cardiovasc. Res.. 28:1057-1061. 1994). as described specifically herein. 
Cardioprotection. as indicated by a reduction in infarcted myocardium, can be Induced 

25 pharmacologically using adenosine receptor agonists in isolated, retrogradely 

perfused rabbit hearts as an in vitro model of myocardial ischemic preconditioning (Liu 
etal.. Cardiovasc. Res.. 28:1057-1061 . 1994). The in vitro test described below 
demonstrates that a test compound or. in this case a test combination (/.e.. a 
combination of a compound of fomnula I with an NHE-1 antagonist) can also 

30 phamiacologically induce cardioprotection. i.e., reduced myocardial infarct size, when 
administered to a rabbit isolated heart. The effects of the test combination are 
compared to ischemic preconditioning and the A1/A3 adenosine agonist. APNEA (N"- 
l2-(4-aminophenyl)ethyOadenosine). that has been shown to phamiacologically 
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induce cardioprotection in the rabbit isolated heart (Liu et a/.. Cardiovasc. Res.. 
28:1057-1061 , 1994). The exact methodology is described below. 

The protocol used for these experiments closely follows that described by Uu 
et al., Cardiovasc. Res.. 28:1057-1061. 1994. Male New Zealand White rabbits (3-4 
5 kg) are anesthetized with sodium pentobarbital (30 mg/kg. i.v.). After deep anesthesia 
is achieved (determined by the absence of an ocular blink reflex) the animal is 
intubated and ventilated with 1 00% using a positive pressure ventilator. A left 
thoracotomy is performed, the heart exposed, and a snare (2-0 silk) is placed loosely 
around a prominent branch of the left coronary artery, approximately 2/3 of the 
1 0 distance towards the apex of the heart The heart is removed from the chest and 
rapidly (<30 sec) mounted on a Langendorff apparatus. The heart is retrogradely 
perfused in a non-recirculating manner with a modified Krebs solution (NaCl 1 18.5 
mM, KCl 4.7 mM. Mg SO, 1.2 mM, KH^PO, 1.2 mM. NaHCO, 24.8 mM. CaCI, 2.5 
mM. and glucose 10 mM). at a constant pressure of 80 mmHg and a temperature of 
15 37'C. Perfusate pH is maintained at 7.4-7.5 by bubbling with 95% O^/SVo CO2. Heart 
temperature is tightly controlled by using heated reservoirs for the physiological 
solution and water jacketing around both the perfusion tubing and the isolated heart. 
Heart rate and left ventricular pressures are determined via a latex balloon which is 
inserted in the left ventricle and connected by stainless steel tubing to a pressure. 
20 transducer. The intraventricular balloon is inflated to provide a systolic pressure of 80- 
1 00 mmHg. and a diastolic pressure i 10 mmHg. Total coronary flow is also 
continuously monitored using an in-line flow probe and nomialized for heart weight 
The heart is allowed to equilibrate for 30 minutes, over which time the heart 
must show stable left ventricular pressures within the parameters outlined above. If 
25 the heart rate falls below 1 80 bpm at any time prior to the 30 minutes period of 
regional Ischemia, the heart is paced at about 200 bpm for the remainder of the 
experiment Ischemic preconditioning is induced by total cessation of cardiac 
perfusion (global ischemia) for 5 minutes, followed by reperfuslon for 10 minutes. The 
regional ischemia is provided by tightening the snare around the coronary artery 
30 branch. Following the 30 minutes regional ischemia, the snare is released and the 
heart reperfused for an additional 120 minutes. 

PKamiacological cardioprotection is induced by infusing the test combination. 
i.e.. a combination of a compound of fonnula I with an NHE-1 inhibitor, at 
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predetermined concentrations, starting 30 nninutes prior to the 30 minutes regional 
ischemia, and continuing until the end of the 120 minutes reperfusion period. Hearts 
which receive the test combination do not undergo the period of ischemic 
preconditioning. The reference compound. APNEA (500 nM) is perfused through 

5 hearts (which do not receive the test compound) for a 5 minutes period which ends 1 0 
minutes before the 30 minutes regional ischemia. 

At the end of the 120 minutes reperfusion period, the coronary artery snare is 
tightened, and a 0.5% suspension of fluorescent zinc cadmium sulfate particles (1-10 
|jM) Duke Scientific Corp.(Palo Alto. CA) is perfused through the heart; this stains all 

10 of the myocardium, except that area-at-risk for infarct development (area-at-risk). The 
heart is removed from the Langendorff apparatus, blotted dry. wrapped in aluminum 
foil and stored overnight at -20'C. The next day. the heart is sliced into 2 mm 
transverse sections from the apex to the top of the ventricles. The slices are stained 
with 1 % triphenyl tetrazolium chloride (TTC) in phosphate-buffered saline for 20 

1 5 minutes at 37'C. Since TTC reacts with living tissue (containing NAD-dependent 
dehydrogenases), this stain differentiates between living (red stained) tissue, and 
dead tissue (unstained infarcted tissue). The infarcted area (no stain) and the area- 
at-risk (no fluorescent particles) are calculated for each slice of left ventricle using a 
precalibrated image analyzer. To nomialize the ischemic injury for differences in the 

20 area-at-risk between hearts, the data is expressed as the ratio of infarct area vs. area- 
at-risk (%!A/AAR). All data are expressed as mean + SE and compared statistically 
using a Mann-Whitney non-parametric test with a Bonferroni correction for multiple 
comparisons. Significance is considered as p < 0.05. 

The results from the above in vitro test demonstrate that a combination of a 

25 compound of this invention with an NHE-1 inhibitor induce significant cardioprotection 

relative to the control group. 

The therapeutic effects of a combination of a compound of fomriula I of this 
invention with an NHE-1 inhibitor in preventing heart tissue damage otherwise 
resulting from an ischemic insult can also be demonstrated in vivo along lines 
30 presented in Liu et al. (Circulation. Vol. 84:350-356. 1991) as described specifically 
herein. The in vivo assay tests the cardioprotection of ttie test combination, i.e.. a 
compound of fomiula I together wiUi an NHE-1 inhibitor, relative to \i\e control group 
which receives saline vehicle. Cardioprotection. as indicated by a reduction in 
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infarcted myocardium, can be induced phanmacologically using intravenously 
administered adenosine receptor agonists in intact, anesthetized rabbits studied as an 
in situ model of myocardial ischemic preconditioning (Liu et ah. Circulation 84:350- 
356. 1 991 ). The in vivo assay tests whether the instant combination of a compound of 
5 fonmula I with an NHE-1 inhibitor can pharmacologically induce cardioprotection. i.e., 
reduced myocardial infarct size, when parenterally administered to intact, 
anesthetized rabbits. The effects of the combination of a compound of formula I of 
this Invention with an NHE-1 1 inhibitor can be compared to ischemic preconditioning 
using the A1 adenosine agonist, N®-1-(phenyl-2R-isopropyl) adenosine (PI A) that has 
1 0 been shown to pharmacologically induce cardioprotection in intact anesthetized 

rabbits studied in situ (Liu et al., Circulation 84:350-356, 1991). The methodology is 
described below. 

Surqen/: New Zealand White male rabbits (3^ kg) are anesthetized with sodium 
pentobarbital (30 mg/kg, i.v.). A tracheotomy is performed via a ventral midline 

15 cervical incision and the rabbits are ventilated with 100% oxygen using a positive 
pressure ventilator. Catheters are placed in the left jugular vein for drug 
administration and in the left carotid artery for blood pressure measurements. The 
hearts are then exposed through a left thoracotomy and a snare (00 silk) placed 
around a prominent branch of the left coronary artery. Ischemia is induced by pulling 

20 the snare tight and clamping it in place. Releasing the snare allows the affected area 
to reperfuse. Myocardial ischemia is evidenced by regional cyanosis; reperfusion is 
evidenced by reactive hyperemia. 

Protocol: Once arterial pressure and heart rate have been stable for at least 30 
minutes the test is started. Ischemic preconditioning is induced by occluding the 

25 coronary artery for 5 minutes followed by a 10 minutes reperfusion. Pharmacological 
preconditioning is induced by infusing the test combination, i.e., a combination of a 
compound of formula I of this invention with an NHE-1 inhibitor, over, for example, 5 
minutes and allowing 10 minutes before further intervention or by Infusing the 
adenosine agonist, PIA (0.25 mg/kg). Following Ischemic preconditioning, 

30 phanmacological preconditioning or no conditioning (unconditioned, vehicle control) 
the artery is occluded for 30 minutes and then reperfused for two hours to induce 
myocardial infarction. The test combination and PIA are dissolved in saline or other 
suitable vehicle and delivered at 1 to 5 mg/kg, respectively. 
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Staining (Liu et al.. Circulation 84:350-356, 1991): At the end of the 2 hour 
reperfusion period, the hearts are quickly removed, hung on a Langendorff apparatus, 
and flushed for 1 minute with normal saline heated to body temperature (38*C). The 
silk suture used as the snare is then tied tightly to reocclude the artery and a 0.5% 
5 suspension of fluorescent zinc cadmium sulphate particles (1-10 pm) Duke Scientific 
Corp. (Palo Alto, CA) is infused with the perfusate to stain all of the myocardium 
except the area at risk (nonfluorescent ventricle). The hearts are then quickly frozen 
and stored ovemight at -20*'c. On the following day, the hearts are cut into 2 mm 
slices and stained with 1% triphenyl tetrazoiium chloride (TTC). Since TTC reacts 
10 with living tissue, this stain differentiates between living (red stained) tissue, and dead 
tissue (unstained infarcted tissue). The infarcted area (no stain) and the area at risk 
(no fluorescent particles) are calculated for each slice of left ventricle using a pre- 
calibrated image analyzer. To normalize the ischemic injury for differences in the area 
at risk between hearts, the data is expressed as the ratio of infarct area vs. area at 
15 risk (%!A/AAR). All data are expressed as MeaniSEM and compared statistically 
using single factor ANOVA or Mann Whitney non parametric test. Significance is 
considered as p<0.05. 

The combination of a compound of fomiula I of this invention with an NHE-1 
inhibitor can be tested for their utility in reducing or preventing ischemic injury in non- 
20 cardiac tissues, for example, the brain, or the liver, utilizing procedures reported in the 
scientific literature. The combination of a compound of formula I of this invention with 
an NHE-1 inhibitor in such tests can be administered by the prefen-ed route and 
vehicle of administration and at the preferred time of administration either prior to the 
ischemic episode, during the ischemic episode, following the ischemic episode 
25 (reperfusion period) or during any of the below-mentioned experimental stages. 

The benefit of the combination of NHE-1 inhibitors and compounds of fomnula I 
of this invention to reduce ischemic brain damage can be denronstrated, for example, 
in mammals using the method of Parte, et a! (Ann. Neurol. 1988;24:543-551). 
According to the procedure of Parte, et al., adult male Sprague Dawley rats are 
30 anesthetized initially with 2% halothane. and thereafter by mechanical ventilation with 
a nitrous oxide-oxygen mixture (70%:30%) containing 0.5-1% halothane. A 
tracheostohiy Is then perfomried. The stroke volume of the ventilator is adjusted to 
maintain arterial carbon dioxide tension at approximately 35 mm Hg and adequate 
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arterial oxygenation (PaO2>90 mm Hg). Body temperature can be monitored by a 
rectal thermometer, and the animals can be maintained normothermic, if necessary, 
by extemal heating. The animals next undergo subtemporal craniectomy to expose 
the main tnjnk of the left middle cerebral artery (MCA) under an operating 
5 microscope, and the exposed artery is occluded with microbipolar coagulation to 
generate large ischemic lesions in the cerebral cortex and basal ganglia. After three 
hours of MCA occlusion, the rats are deeply anesthetized with 2% halothane and a 
thoracotomy is perfomied to infuse heparinized saline into the left ventricle. The 
effluent is collected via an incision of the right atrium. The saline washout is followed 

10 by approximately 200 ml of a 40% fonmaldehyde, glacial acetic acid and absolute 
methanol solution (FAM; 1 :1 :8, v/v/v), then the animals are decapitated and the head 
is stored in fixative for 24 hours. The brain Is then removed, dissected, embedded In 
paraffin wax, and sectioned (approximately 100 sections 0.2mm per brain). The 
sections are then stained with hematoxylin-eosin or with a combination of cresyl violet 

1 5 and Luxol fast blue, and examined by light microscopy to identify and quantitate the 
ischemic damage using a precalibrated image analyzer. The ischemic volumes and 
areas are expressed in absolute units (mm^ and mm^) and as a percentage of the total 
region examined. The effect of the compositions and methods of this invention to 
reduce ischemic brain damage induced by MCA occlusion is noted based on a 

20 reduction in the area or volume of relative or absolute ischemic damage in the brain 
sections from the rats in the treatment group compared to brain sections from rats in a 
placebo-treated control group. 

Other methods which could alternatively be utilized to demonstrate the benefit 
of the invention to reduce ischemic brain damage include those described by 

25 Nakayama. et al. in Neurology 1988, 38:1667-1673; Memezawa. et al. in Stroke 1992, 
23:552-559; Folbergrova, et al. in Proc. Natl. Acad. Sd 1995, 92:5057-5059; and 
GotU, et al. in Brain Res. 1990, 522:290-307. 

The benefit of the compositions and methods of this invention to reduce 
ischemic liver damage can be demonstrated, for example, in mammals using the 

30 method of Yokoyama, et al. (Am. J. Physiol. 1990;258:G564-G570). According to the 
procedure of Yokoyama, et al.. fasted adult male Sprague Dawley rats are 
anesthetiz^sd with sodium pentobarbital (40 mg/kg i.p.), then the animals are 
tracheotomized and mechanically ventilated with room air. The liver is extirpated and 



wo 00/5951 0 PCT/IBOO/00296 

-137- 

placed in an environmental chamber maintained at constant temperature (37 °C), then 
perfused through the portal vein at a constant pressure of 15 cm HjO with a modified, 
hemoglobin-free Krebs-Henseleit buffer (in mM: 118 NaCI. 4.7 KCI, 27 NaHCOj, 2.5 
CaClj, 1.2 MgS04, 1.2 KH2PO4, 0.05 EDTA, and 11 mM glucose, plus 300 U heparin). 
5 The pH of the perfusate is maintained at 7.4 by gassing the buffer with 95% O2 - 5% 
CO2. Each liver is perfused at a flow rate of 20 ml/minutes in a single-pass manner for 
a 30 minutes washout and equilibration period (preischemic period), followed by a 2 
hour period of global ischemia, and then a 2 hour period of reperfusion under 
conditions identical to the preischemic period. Aliquots (20 ml) of the perfusate are 

10 collected during the preischemic period, immediately after the occlusive ischemic 
period, and every 30 minutes of the 2 hour reperfusion period. The perfusate 
samples are assayed for the appearance of hepatocellular enzymes, for example, 
aspartate amino-transferase (AST), alanine amino-transferase (ALT), and lactate 
dehydrogenase (LDH). which are taken to quantitatively reflect the degree of ischemic 

15 liver tissue damage during the procedure. AST. ALT, and LDH activities in the 

perfusate can be determined by several methods, for example, by the reflectometry 
method using an automatic Kodak Ektachem 500 analyzer reported by Nakano, et al. 
(Hepatology 1995;22:539-545), The effect of the compositions and methods of this 
invention in reducing ischemic liver damage induced by occlusion is noted based on a 

20 reduction in the release of hepatocellular enzymes immediately following the occlusive 
period and/or during the postischemic-reperfusion period in the perfused livers from 
the rats in the treatment group compared to perfused livers from rats in a placebo- 
treated control group. 

Other methods and parameters which could altematively be utilized to 

25 demonstrate the benefit of the compositions and methods of this invention in reducing 
ischemic liver damage Include those described by Nakano, et al. (Hepatology 
1995;22:539-545). 

Any glycogen phosphorylase inhibitor may be used as the second compound 
of this invention. The temi glycogen phosphorylase inhibitor refers to any substance 
30 or agent or any combination of substances and/or agents which reduces, retards, or 
eliminates the enzymatic action of glycogen phosphorylase. The currently known 
enzynnatic action of glycogen phosphorylase is the degradation of glycogen by 
catalysis of the reversible reaction of a glycogen macromolecule and inorganic 
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phosphate to glucose-1 -phosphate and a glycogen macromolecule which is one 
glucosyl residue shorter than the original glycogen macromolecule (forward direction 
of glycogenolysis). Such actions are readily detemiined by those skilled in the art 
according to standard assays (e.g.. as described hereinafter). A variety of these 
5 compounds are included In the following published PCT patent applications: PCT 
application publication WO 96/39384 and W096/39385. However, other glycogen 
phosphorylase inhibitors will be known to those skilled in the art. 

Compounds of fomiula I, prodrugs thereof, mutual prodrugs of the compounds 
of formula I with aldose reductase inhibitors, pharmaceutically acceptable salts of any 
10 of the above and pharmaceutical compositions comprising a compound of formula I, a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug and either (a) an aldose reductase inhibitor, a prodrug thereof or a 
pharmaceutically acceptable salt of said aldose reductase inhibitor or said prodmg, (b) 
a NHE-1 inhibitor, a prodrug thereof or a pharmaceutically acceptable salt of said 
1 5 NHE-1 inhibitor or said prodrug, or a glycogen phosphorylase inhibitor, a prodrug 

thereof or a pharmaceutically acceptable salt of said glycogen phosphorylase inhibitor 
or said prodmg are hereinafter refen^ed to, collecfively, as Ihe active compounds and 
comopositions of this invention." 

The active compounds and compositi^^ invention may be 

20 administered to a subject in need of treatment by a variety of conventional routes of 
administration, including orally, parenterally and topically. In general, compounds of 
the fonnula I and their phamnaceutically acceptable salts will be administered orally or 
parenterally at dosages between about 0.001 and about 100 mg/kg body weight of the 
subject to be treated per day, preferably from about 0.01 to 10 mg/kg. in single or 
25 divided doses. Mutual prodmgs of compounds of the formula I and aldose reductase 
inhibitors will generally be administered orally or parenterally at dosages between 
about 0.001 and about 100 mg/kg body weight of the subject to be treated per day, 
preferably from about 0.01 to about 10 mg/kg, In single or divided doses. 
Compositions containing both a compound of the formula I and an aldose reductase 
30 inhibitor will generally be administered orally or parenterally at dosages between 
about 0.001 and about 100 mg of each active component (i.e., the compound of 
formula I and the aldose reductase inhibitor) per kg body weight of the subject to be 
treated per day, preferably from about 0.01 to about 10 mg/kg. Compositions 
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containing both a compound of formula I and a NHE-1 inhibitor will generally be 
administered orally or parenterally at dosages between about 0.001 and 100 mg of 
said compound of formula I per kg body weight of the subject to be treated per day 
and about 0.001 to 100 mg/kg/day of the NHE-1 inhibitor. An especially prefen-ed 
5 dosage contains between about 0.01 and 10 mg/kg/day of said compound of formula I 
and between about 0.01 and 50 mg/kg/day of said NHE-1 inhibitor. Compositions 
containing both a compound of formula I and a glcogen phosphorylase inhibitor will 
generally be administered orally or parenterally at dosages between about 0.001 and 
1 00 mg of said compound of formula I per kg body weight of the subject to be treated 

10 per day and 0.005 to 50 mg/kg/day of said glycogen phosphorylase inhibitor, 
preferably 0.01 and 10 mg/kg/day of said compound of formula and 0.01 to 25 
mg/kg/day of said glycogen phosphorylase inhibitor and most preferably 0.01 and 10 
mg/kg/day of said compound of formula and 0.1 to 1 5 mg/kg/day of said glycogen 
phosphorylase inhibitor. However, some variation in dosage will necessarily occur 

1 5 depending on the condition of the subject being treated. The person responsible for 
administration will, in any event, detemnine the appropriate dose for the individual 
subject 

The active compounds and compositions of this invention may be 
administered alone or in combination with phanmaceuticalty acceptable carriers, in 

20 either single or multiple doses. Suitable pharmaceutical carriers include inert solid 
diluents or fillers, sterile aqueous solutions and various organic solvents. The 
pharmaceutical compositions fomied by combining the active compounds of formula I 
of this invention and the pharmaceutically acceptable canriers are then readily 
administered in a variety of dosage forms such as tablets, powders, lozenges, syrups. 

25 injectable solutions and the like. These phamiaceutical compositions can, if desired, 
contain additional ingredients such as flavorings, binders, excipients and the like. 
Thus, for purposes of oral administration, tablets containing various excipients such 
as sodium citrate, calcium carbonate and calcium phosphate may be employed along 
with various disintegrants such as starch, alginic acid and certain complex silicates, 

30 together with binding agents such as polyvinylpyn-olidone, sucrose, gelatin and 
acacia. Additionally, lubricating agents such as magnesium stearate. sodium lauryl 
sulfate and talc are often useful for tabletting purposes. Solid compositions of a 
similar type may also be employed as fillers in soft and hard filled gelatin capsules. 
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Preferred materials for this include lactose or milk sugar and high molecular weight 
polyethylene glycols. When aqueous suspensions or elixirs are desired for oral 
administration, the essential active ingredient therein may be combined with various 
sweetening or flavoring agents, coloring matter or dyes and, if desired, emulsifying or 
5 suspending agents, together with diluents such as water, ethanol, propylene glycol, 
glycerin and combinations thereof. 

For parenteral administration, solutions of the active compounds and 
compositions of this invention in sesame or peanut oil, aqueous propylene glycol, or in 
sterile aqueous solutions may be employed. Such aqueous solutions should be 

1 0 suitably buffered if necessary and the liquid diluent first rendered isotonic with 
sufficient saline or glucose. These particular aqueous solutions are especially 
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal 
administration. In this connection, the sterile aqueous media employed are all readily 
available by standard techniques known to those skilled In the art. 

1 5 Administration of the compounds of fonnula I of this invention can be via any 

method which delivers a compound of this invention preferentially to the desired tissue 
(e.g.. nerve, kidney, retina and/or cardiac tissues). These methods include oral 
routes, parenteral, intraduodenal routes, etc. Generally, the compounds of the present 
invention are administered in single (e.g.. once daily) or multiple doses or via constant 

20 infusion. 

The compositions of this invention comprising a compound of formula I in 
combination with an NHE-1 inhibitor are useful, for example, in reducing or minimizing 
damage effected directly to any tissue that may be susceptible to 
ischemia/reperfusion Injury (e.g., heart, brain, lung, kidney, liver, gut. skeletal muscle. 

25 retina) as the result of an ischemic event (e.g.. myocardial infarction). The 
composition is therefore usefully employed prophylactically to prevent, i.e. 
(prospectively or prophylactically) to blunt or stem, tissue damage (e.g., myocardial 
tissue) in patients who are at risk for Ischemia (e.g., myocardial Ischemia). 

Generally, a compouned of formula I of this invention is administered orally, or 

30 parenterally (e.g.. intravenous, intramuscular, subcutaneous or intramedullary). 
Topical administration may also be indicated, for example, where the patient is 
suffering from gastrointestinal disorders or whenever the medication is best applied to 
the surface of a tissue or organ as detemiined by ttie attending physician. 
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The amount and timing of compounds administered will, of course, be 
dependent on the subject being treated, on the severity of the affliction, on the manner 
of administration and on the judgement of the prescribing physician. Thus, because of 
patient to patient variability, the dosages given below are a guideline and the 
5 physician may titrate doses of the dmg to achieve the treatment that the physician 
considers appropriate for the patient. In considering the degree of treatment desired, 
the physician must balance a variety of factors such as age of the patient, presence of 
preexisting disease, as well as presence of other diseases. 

Thus, for example, in one mode of administration the compounds of formula I 
10 of this invention may be administered just prior to surgery (e.g.. within twenty-four 
hours before surgery for example cardiac surgery) during or subsequent to surgery 
(e.g.. within twenty-four hours after surgery) where there is risk of myocardial 
ischemia. The compounds of formula I of this invention may also be administered in a 
chronic daily mode. 

1 5 The compounds of the present invention are generally administered in the 

form of a phanmaceutical composition comprising at least one of the compounds of 
formula I of this invention together with a phamriaceutically acceptable vehicle or 
diluent. Thus, the compounds of fomiula I of this invention can be administered 
individually or together in any conventional oral, parenteral, rectal or transdermal 

20 dosage forni. 

For purposes of transdermal (e.g.,topical) administration, dilute sterile, 
aqueous or partially aqueous solutions (usually in about 0.1% to 5% concentration), 
othenvise similar to the above parenteral solutions, are prepared. 

Methods of preparing various phannaceuticai compositions with a certain 

25 amount of active ingredient are known, or will be apparent in light of this disclosure, to 
those skilled in this art. For examples of methods of preparing pharmaceutical 
compositions, see Remington's Phamnaceuttcal Sciences . Mack Publishing Company, 
Easton. Pa., ISth Edition (1995). 

Phamnaceutical compositions according to the invention may contain for 

30 example 0.0001 %-95% of the compound(s) of this invention. In any event, the 

composition or fonmulation to be administered will contain a quantity of a compound(s) 
according to the invention in an amount effective to treat the disease/condition of the 
subject being treated. 
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The two different compounds of this combination of this invention can be co- 
administered simultaneously or sequentially in any order, or as a single 
pharmaceutical composition comprising a compound of Formula I and an aldose 
reductase inhibitor as described above or a glycogen phosphorylase inhibitor as 
5 described above or a cardiovascular agent. 

Since the present invention has an aspect that relates to the treatment of the 
disease/conditions described herein with a combination of active ingredients which 
may be administered separately, the invention also relates to combining separate 
pharmaceutical compositions in kit forni. The kit comprises two separate 

1 0 pharmaceutical compositions: a compound of Formula I a prodrug thereof or a salt of 
such compound or prodrug and a second compound as described above. The kit 
comprises means for containing the separate compositions such as a container, a 
divided bottle or a divided foil packet. Typically the kit comprises directions for the 
administration of the separate components. The kit form is particularly advantageous 

1 5 vMen the separate components are preferably administered in different dosage fonms 
(e.g.. oral and parenteral), are administered at different dosage intervals, or when 
titration of the individual components of the combination is desired by the prescribing 
physician. 

An example-of such a kit is a so-called . blister.pack. Blister packs are well 
20 known in the packaging industry and are being widely used for the packaging of 
pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs 
generally consist of a sheet of relatively stiff material covered with a foil of a preferably 
transparent plastic material. During the packaging process recesses are fomied in 
the plastic foil. The recesses have the size and shape of the tablets or capsules to be 
25 packed. Next, the tablets or capsules are placed in the recesses and the sheet of 
relatively stiff material is sealed against the plastic foil at the face of the foil which is 
opposite from the direction in which the recesses were fonmed. As a result, the tablets 
or capsules are sealed in the recesses between the plastic foil and the sheet 
Preferably the strength of the sheet is such that the tablets or capsules can be 
30 removed from the blister pack by manually applying pressure on the recesses 

whereby an opening is formed in the sheet at the place of the recess. The tablet or 
capsule can then be removed via said opening. 
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It may be desirable to provide a memory aid on the kit, e.g., in the form of 
numbers next to the tablets or capsules whereby the numbers correspond with the 
days of the regimen which the tablets or capsules so specified should be ingested. 
Another example of such a memory aid is a calendar printed on the card, e.g., as 
5 follows "First Week. Monday, Tuesday, ...etc.... Second Week, Monday. Tuesday,../' 
etc. Other variations of memory aids will be readily apparent. A "daily dose" can be a 
single tablet or capsule or several pills or capsules to be taken on a given day. Also, a 
daily dose of Formula I compound can consist of one tablet or capsule while a daily 
dose of the second compound can consist of several tablets or capsules and vice 

1 0 versa. The memory aid should reflect this. 

In another specific embodiment of the invention, a dispenser designed to 
dispense the daily doses one at a time in the order of their intended use is provided. 
Preferably, the dispenser is equipped with a memory-aid, so as to further facilitate 
compliance with the regimen. An example of such a memory-aid is a mechanical 

1 5 counter which indicates the number of daily doses that has been dispensed. Another 
example of such a memory-aid is a battery-powered micro-chip memory coupled with 
a liquid crystal readout, or audible reminder signal which, for example, reads out the 
date that the last daily dose has been taken and/or reminds one when the next dose is 
to be taken. 

20 The compounds of formula I of this invention generally will be administered in 

a convenient formulation. The following formulation examples are illustrative only and 
are not intended to limit the scope of the present invention. 

In the formulations which follow, "active ingredienf means a compound(s) of 
this invention. 

25 Formulation 1 : Gelatin Capsules 



Hard gelatin capsules are prepared using the following: 



Ingredient 



Quantity (mg/capsule) 



Active ingredient 
Starch, NF 

Starch flowable powder 
Silicone fluid 350 centistokes 



0.25-100 



0-650 



0-50 



0-15 



A tablet formulation is prepared using the ingredients below: 



wo 00/59510 



PCT/IBOO/00296 



-144- 

Formulation 2: Tablets 



Ingredient Quantity (mg/tablet) 
Active ingredient 0.25-100 
Cellulose, microcrystalline 200-650 
Silicon dioxide, fumed 1 0-650 

Stearate acid 5-15 

The components are blended and compressed to fonm tablets. 

Alternatively, tablets each containing 0.25-100 mg of active ingredients are 
made up as follows: 
5 Formulation 3: Tablets 

Ingredient ~ Quantity (mg/tablet) 

Active ingredient 0.25-1 00 

Starch 45 
Cellulose, microcrystalline 35 
Polyvinylpyn-olidone (as 10% solution in water) 4 
Sodium carboxymethyl cellulose 4.5 
Magnesium stearate 0.5 
Talc 1 

The active ingredient, starch, and cellulose are passed through a No. 45 mesh 
U.S. sieve and mixed thoroughly. The solution of polyvinylpyn-olidone is mixed with 
the resultant powders which are then passed through a No. 14 mesh U.S. sieve. The 
granules so produced are dried at 50** - 60X and passed through a No. 18 mesh U.S. 
10 sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, previously 
passed through a No. 60 U.S. sieve, are then added to the granules which, after 
mixing, are compressed on a tablet machine to yield tablets. 

Suspensions each containing 0.25-1 00 mg of active ingredient per 5 ml dose 
are made as follows: 
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Formulation 4: Suspensions 



Ingredient 



Quantity (mg/5 ml) 



Active ingredient 

Sodium carboxymethyl cellulose 

Syrup 

Benzoic acid solution 



0.25-100 mg 
50 mg 
1.25 mg 
0.10 mL 



Flavor 



q.v. 



Color 



q.v. 
5mL 



Purified Water to 



5 



10 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed 
with the sodium carboxymethyl cellulose and syrup to form smooth paste. The 
benzoic acid solution, flavor, and color are diluted with some of the water and added, 
with stining. SufTtcient water is then added to produce the required volume. An aerosol 
solution is prepared containing the following ingredients: 



Formulation 5: Aerosol 



Ingredient 


Quantity (% by weight) 


Active ingredient 


^0.25 


Ethanol 


25.75 


Propellant 22 (Chlorodifluoromethane) 


74.00 



The active ingredient is mixed with ethanol and the mixture added to a portion 
of the propellant 22, cooled to 30*C, and transferred to a filling device. The required 
amount is then fed to a stainless steel container and diluted with the remaining 
propellant. The valve units are then fitted to the container. 
Suppositories are prepared as follows: 
Fomulation 6: Suppositories 

Ingredient Quantity (mg/suppository) 

Active ingredient 250 
Saturated fatty acid giycerides 2.000 



15 



The active ingredient is passed through a No. 60 mesh U.S. sieve and 
suspendecj in the saturated fatty add giycerides previously melted using the minimal 
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necessary heat. The mixture is then poured into a suppository mold of nominal 2 g 
capacity and allowed to cool. 



An intravenous formulation is prepared as follows: 
Fonmulation 7: Intravenous Solution 



Ingredient 


Quantity 


Active ingredient 


25 mg-1 0,000 mg 


isotonic saline 


1,000 mL 



5 The solution of the above ingredients is intravenously administered to a 

patient 

The active Ingredient above may also be a combination of agents. 

■GENERAL EXPERIMENTAL PROCEDURES 
Melting points were determined on a Thomas-Hoover capillary melting point 

10 apparatus, and are uncorrected. NMR spectra were obtained on a Bmker AM-250 
(Bmker Co.. Billerica. Massachusetts), a Bmker AM-300. a Varian XL-300 (Varian 
Co., Palo Alto. Califomia), or a Varian Unity 400 at about 23 ^C at 250, 300. or 400 
MHz for proton. Chemical shifts are reported in parts per million (5) relative to residual 
chlorofonm (7.26 ppm), dimethylsulfoxide (2.49 ppm). or methanol (3.30 ppm) as an 

15 internal reference. The peak shapes and descriptors for the peak shapes are denoted 
as follows: s. singlet; d, doublet; t. triplet; q. quartet; m, multiples c. complex; br. broad; 
app, apparent. Low-resolution mass spectra were obtained under thennospray (TS) 
conditions on a Fisons (now Micromass) Trio 1000 Mass Spectrometer (Micromass 
Inc., Beveriy. Massachusetts), under chemical-ionization (CI) conditions on a Hewlett 

20 Packard 5989A Partide Beam Mass Spectrometer (Hewlett Packard Co., Palo Alto, 
Califomia), or under atmospheric pressure chemical ionization (APCI) on a Fisons 
(now Micromass) Platform II Spectrometer. Optical rotations were obtained on a 
Perkln-Elmer 241 MC Polarimeter (Perkin-Elmer, Norwalk, Connecticut) using a 
standard path length of 1 dcm at about 23 ''C at the indicated concentration in the 

25 indicated solvent 

Liquid column chromatography was perfomned using forced flow (flash 
chromatography) of the indicated solvent on either Baker Silica Gel (40 pm, J. T. 
Baker. Phillipsburg. New Jersey) or Silica Gel 60 (EM Sciences, Gibbstown. New 
Jersey) in glass columns or using low nitrogen or air pressure in Flash 40^" or Flash 
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12^" (Biotage, Charlottesville. Virginia) cartridges. Radial chromatography was 
performed using a Chromatron (Harrison Research, Palo Alto, California). The terms 
"concentrated" and "evaporated" refer to removal of solvent using a rotary evaporator 
at water aspirator pressure or at similar pressures generated by a Buchi B-171 
5 Vacobox (Brinkmann Instruments, Inc.. Westbury. New York) or a Buchi B-177 

Vacobox with a bath temperature equal to or less than 50 °C. Reactions requiring the 
use of hydrogen gas at pressures greater than 1 atmosphere were run using a Pan- 
hydrogen apparatus (Pan- Instrument Co.. Moline, Illinois). Unless otherwise 
specified, reagents were obtained from commercial sources. The abbreviations "d", 
1 0 "h\ and "min" stand for "day(s)". •*hour(s)\ and "minute(s)", respectively. 

Example 1 

fRV1-r4'(4-Quinoxalin-2>vl-DiDera2in-1-vlVpvrimidin-2-vn-ethanol . 




OH 



Step A: rRV1-r4-r4-Quinoxalin-2>vl-pipera2in-1-vlVpvrimidin-2"Vn-ethvl acetate . Tea 
1 5 solution of (R)-1 -(4-chloro-pyrimidin-2-yl)-ethyl acetate (prepared according to the 
method of Preparation Five. 7.3 g, 36.2 mmol) In isopropanol (240 mL) was added 
triethylamine (10.1 mL. 72.4 mmol) followed by 2-(1-piperazinyl)quinoxaline (10.1 g. 
47.1 mmol; J. Med. Chem. 1981, 24, 93). This mixture was stirred at room 
temperature overnight then concentrated. The residue was diluted with saturated 
20 aqueous sodium bicarbonate and extracted with chloroform (5x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (2% methanol/chloroform) to give 12.4 g (91%) of the 
title compound of Example 1 , Step A as a yellow foam. NMR (CDCI3, 250 MHz) 5 
8.61 (s, 1H). 8.27 (d, 1H), 7.91 (dd, 1H). 7.72 (dd. 1H), 7.61 (td, 1H), 7.44 (td, 1H). 
25 6.43 (d. 1H), 5.70 (q, 1H). 3.96-3.84 (c. 8H), 2,18 (s, 3H), 1.61 (d. 3H); MS (CI/NH3) 
379 (MH*). 

Step B: fRVI ■r4-f4-Quinoxalin-2-vl-pipera2ih-1*vlVpvrimidin-2-vn-ethanol . To a 
solution of (R)-1 -[4-(4-quinoxalin-2-yl-pipera2in-1 -yl)-pyrimidin-2-yl]-ethyl acetate 
(prepared according to the method of Example 1, Step A, 14.1 g, 37.2 mmol) in a 
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3:1:1 mixture of tetrahydrofuran/water/methanol (375 mL) was added lithium 
hydroxide hydrate (47 g, 1 12 mmol). This mixture was stirred at room temperature 
for 1 h 45 min. concentrated, and extracted with chlorofomi (6x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
5 flash column chromatography (2x; 2% methanol/chlorofomi) to give 1 1 .3 g (90%) of 
the title compound as a pale yellow solid after tritration with hexanes. mp: 106.5-108 
•C: NMR (CDCI3. 250 MHz) S 8.62 (s, 1H), 8.26 (d. 1 H), 7.92 (dd. 1 H), 7.72 (dd. 
1H). 7,61 (td. 1H). 7.44 (td, 1H), 6.45 (d, 1H), 4.75 (m. 1H), 3.95-3.85 (c. 8H). 1.54 (d, 
3H); MS (CI/NH3) 337 (MH^); [a]o +15.3 (c 2.3, MeOH). 
10 Example 2 

(R)-1-f4-(4-Oxa20lor5.4-clDvr idin-2-vl-DiDerazin-1-vn-Dvrimidin-2-vn-ethanol . 



Step A: (RV1-f4-f4-Oxa2olQr5.4-c)pvridin-2-vl-DiD erazin-1-vlVDvrimidin>2-vn-ethyl 
butyrate. To a solution of 2-(1-piperazinyl)oxa2olo[5,4-c]pyridine (775 mg, 3.8 mmol; 

15 J. Org, Chem, 1995. 60, 5721) in isopropanol (38 mL) was added (R)-1-{4-chloro- 
pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation 
Seven. 868 mg. 3.8 mmol) followed by triethylamine (1.6 mL. 1 1.4 mmol). This 
mixture was stin-ed at reflux ovemight, cooled to room temperature, and evaporated. 
The residue was diluted with saturated aqueous sodium bicarbonate and extracted 

20 with chlorofomi (3x). The combined organic extracts were dried over sodium sulfate, 
filtered, evaporated, and purified by flash column chromatography (2x; 3% 
methanol/chlorofomi then 6-^8% methanol/ethyl acetate, where used herein, the 
anx>w symbol. indicates a gradient) to give 1.2 g (79%) of the title compound of 
Example 2. Step A as a pale yellow oil which solidified upon standing. NMR 

25 (CDCI3. 250 MHz) 5 8.57 (s. 1H). 8.39 (d. 1H). 8.28 (d. 1H). 7.30 (d. 1H). 6.44 (d. 1H). 
5.70 (q. 1H). 3.85 (s, 8H), 2.42 (t. 2H). 1.78 -1.61 (c. 2H). 1.60 (d, 3H). 0.98 (t 3H); 
MS(APCI) 397 (MHl 

Step B: (R)-1>r4-(4-Oxazolof5.4-clDvridin-2-vl-DiDe razin-1-vlV^vrim!din-2-vn^thanQ^ 
To a solution of (R)-1-[4-(4-oxa2olo[5.4-c]pyridin-2-yl-pipera2in-1.yl)-pyrimidin-2-yI]- 
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ethyl butyrate (prepared according to the method of Example 2, Step A, 1 .2 g, 3.0 
mmol) in methanol (30 mL) was added potassium carbonate (823 mg. 6.0 mmol). 
This mixture was stirred at room temperature for 5 h, diluted with saturated aqueous 
ammonium chloride* concentrated, and extracted with chloroform (3x). The combined 
5 organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (6% methanol/chloroform) to give 915 mg (94%) of the 
title compound as a white solid after tritration with hexanes. mp: 181-183 ^'C; NMR 
(CDCI3, 300 MHz) 5 8.54 (d, 1H), 8.35 (d, 1H). 8.25 (d, 1H). 7.27 (dd, 1H). 6.44 (d. 
1H), 4.71 (q, 1H), 4.25 (br s, 1H). 3.86-3.83 (c. 8H). 1.50 (d, 3H); MS (APCI) 327 
10 (MH*); Ia]o +15.3 (c 0.5. MeOH). 



1 R-f4-( 1 '-f2-( 1 R-Hvdroxv-ethvl Vpvrimidin-4-vlVf4.41bipiperidinvM -vlVpvrimidin-2-vlV 
ethanol. 



1 5 A mixture of (R)-1 -(4-chloro-pyrimidin-2-yl)-ethanoi (prepared according to the method 
of Preparation Ten, 100 mg, 0.63 mmol), 4,4 -bipiperidine dihydrochloride (76 mg. 
0.32 mmol), and triethylamine (0.44 mL, 3.2 mmol) in isopropanol (3 mL) was refluxed 
overnight and cooled to room temperature. The reaction mixture was diluted with 
saturated aqueous sodium bicarbonate and extracted with chloroform (4x). The 

20 combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (Biotage Flash 403**. 5% 
methanol/chlorofomi) to give 1 10 mg (85%) of the title compound as a white solid. 



mp: 144-153 X, *H NMR (CDCI3. 400 MHz) 6 8.14 (d. 2H). 6.36 (d, 2H), 4.67 (q. 2H), 
4.53-4.28 (c, 4H). 2.84 (t, 4H). 1.82 (d, 4H). 1.49 (d, 6H). 1.43-1.40 (c, 2H). 1.30-1.18 
25 (c. 4H); MS (APCI) 41 3 (MH*); [ajo +22.6 (c 1 .0. MeOH). 



Examples 4 to 8 were prepared from the appropriate starting materials in a oianner 
analogous to the method of Example 3. 



Example 3 




Examples 4 to 8 
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Example 4 

1 R>f4-(442>f 1 R-Hvdroxv >ethvlVpvrimidin-4--vn-2R.5S-dimethvl-DiDera2in-1-vl}- 
Pvrimidin-2-vlVethanQL 




mp: 153-155 ^C. NMR (CDCI3. 400 MHz) 5 8.23 (d, 2H), 6.40 (d. 2H). 4.71 (m. 2H). 
4.28 (dd. 2H). 3.51-3.45 (c. 4H). 1.51 (d, 6H). 1.23 (d, 6H); MS (APCI) 359 (MH^); [a]o 
+18.6 (cl.2. CHCI3). 



10 

^^3"^P'® N-linker-N 




mp rC) MS (MH") 



5 N.N'-ethylenediamine 141-143 333 

6 [1 ,4]diazepane 136-138 345 

7 4,4'-ethylenebipiperidine 441 
8 methyl-piperidin-4 -ylmethyl-amine 373 

Example 9 

fRV144-(4-OxazQlQf5.4 -blDvridin-2-vl-D}pera2in-1-vlVpvrimfdin-2-vn-ethanQl ^ 



Me""< 

15 OH 

Step A: 2-f 1-PiDera2invlto xazolor5.4-blDvridine . A mixture of 2- 
(thiomethyl)oxa2olo[5,4-b]pyridine (9.2 g. 55.5 mmol; J. Org. Chem. 1995, 60, 5721) 
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and piperazine (23.9 g. 277 mmol), with a small amount of ethyl acetate which was 
used for washing the compound down the sides of the flask, was heated at 90 ^'C for 
1 .5 h. The reaction mixture was cooled to room temperature, diluted with ^20% 
saturated aqueous sodium bicarbonate solution, and extracted with chloroform (4x). 
5 The combined organic extracts were washed with saturated aqueous sodium 

bicarbonate (1x). dried over sodium sulfate, filtered, evaporated, and purified by flash 
column chromatography (3->5% methanol/chloroform + 1% ammonium hydroxide) to 
give 9.1 g (81 %) of the title compound of Example 9, Step A as an off-white solid. ''H 
NMR (CDCI3. 300 MHz) 5 7.92 (dd, 1H). 7.55 (dd. 1H). 7.10 (dd. 1H). 3.74-3.70 (c, 

10 4H), 3.02-2.97 (c. 4H); MS (APCI) 205 (MH*). 

Step B: fRV1-f4-(4-Oxazolof5.4^blpvridin-2-vl-Diperazin-1-vn-Dvrimidin-2-vn-ethvl 
butvrate . To a solution of (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared 
according to the method of Preparation Seven, 6.8 g, 29.9 mmol) and triethylamine 
(12.5 mL. 89.6 mmol) in isopropanol (100 mL) was added 2-(1- 

1 5 piperazinyl)oxazolo[5,4-b]pyridine (prepared according to the method of Example 9. 
Step A, 6.1 g. 29.9 mmol). This mixture was stinred at reflux overnight, cooled to room 
temperature, and evaporated. The residue was diluted with saturated aqueous 
sodium bicarbonate and extracted with chlorofonm (3x). The combined organic 
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash 

20 column chromatography (1 .5->2% methanol/chlorofomri) to give 1 1 .1 g (94%) of the 
title compound of Example 9, Step B as a yellow oil which solidified upon standing. 
NMR (CDCI3, 250 MHz) 5 8.28 (d, 1H). 7.97 (dd. 1H). 7.60 (dd, 1H). 7.25 (dd. 1H), 
6.44 (d. 1 H). 5,70 (q. 1 H). 3.85 (app s. 8H). 2.42 (t. 2H). 1 .78 -1 .61 (c, 2H). 1 .60 (d, 
3H). 0.98 (t, 3H); MS (APCI) 397 (MH*). 

25 Step C: fRV1-f4-(4-Oxazolof5.4-blDvridin-2-vl-Diperazin-1-vl>-Pvrimidin-2-vn-ethanoL 
To a solution of (R)-1-[4-(4-oxazolo[5,4-b]pyridin-2-yl-piperazin-1-yl)-pyrimidin-2-yl]- 
ethyl butyrate (prepared according to the method of Example 9. Step B. 1 1.0 g, 27.6 
mmol) in dioxane (1 1.5 mL) was added concentrated hydrochloric acid (23 mL, 276 
mmol). This mixture was stirred at room temperature overnight, neutralized with 6 N 

30 aqueous sodium hydroxide, and extracted with chlorofonn (3x). The combined 

organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (3.5% methanol/chloroform) to give 8.4 g (93%) of the 
title compound as a white solid, mp: 153-156 •C; ^H NMR (CDCI3, 300 MHz) 5 8.25 
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(d. 1H), 7.95 (dd, 1H). 7.58 (dd, 1H). 7.15 (dd. 1H), 6.45 (d. 1H), 4.72 (q. 1H), 4.25 (br 
s. 1H). 3.85-3.82 (c. 8H), 1.51 (d. 3H); MS (CI/NH3) 327 (MH*); [aJo +16.1 (c 1.0. 
MeOH). 

Examples 10to15 

5 Examples 10 to 1 5 were prepared from the appropriate starting materials in a manner 
analogous to the method of Example 9. 



10 

Example X-Ar^ R] mp ("Q MS (MKT) 



10 


oxazolo[4,5-c]pyridin-2-yl 


(R)-CH(CH3)0H 


178-180 


327 


11 


oxazolo[5.4-c]pyridin-2-yl 


-C(CH3)jOH 


181-184 


341 


12 


oxa2olo[5,4-c]pyridin-2-yl 


(±)-CH(CH3)0H 


153-158 


327 


13 


oxazolo[5.4-c]pyridin-2-yl 


(S)-CH(CH3)0H 


175-179 


327 


14 


quinoxalin-2-yl 


(±)-CH(CH3)0H 


102-105 


337 


15 


(5-iodo)-ben2oxa20l-2-yl 


(R)-CH(CHi)OH 




452 



Example 16 

1R-r4-r3S-Methvl-4-oxa zolor5.4-b1pvridin-2-vl-piperazin-1-vlVpvrimidin-2-vn-cthanQ( . 




15 Step A: fSV2-f4-Ben2vl-2 -methvl-Pipera2in-1-vl^-oxa2olor5.4-blDvridine. A mixture of 
2-(thiomethyl)oxa2oio[5,4-b]pyridine (44 g, 264 mmol; J. Org. Chem. 1995, 60, 5721) 
and (S)-1-ben2yl-3-methyl-piperazine (25 g, 132 mmol; J. Org. Chem. 1995. 60, 4177) 
was stin«d at 130 'C for 3 d, cooled to room temperature, and purified by flash 
column chromatography (17-).83% ethyl acetate/hexanes) to give 30 g (74%) of the 

20 title compound of Example 16. Step A as a dark yellow oil. NMR (CDCI3, 400 MHz) 
5 7.89 (d. 1H). 7.53 (d. 1H). 7.34-7.25 (c. 5H). 7.10 (dd. 1H). 4.45 (m. 1H), 4.11 (d. 
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1H), 3.59 (d. 1H). 3.52-3.45 (c. 2H), 2.90 (d. 1H). 2.73 (d, 1H). 2.32 (dd. 1H). 2.21 (td. 
1H). 1.41 (d. 3H); MS (APCI) 309 (MH*). 

Step B: (SV2-(2-Methvl-piperazin>1-vlVQxazQlor5.4-blPvridine . To a solution of (S)-2- 
{4-benzyl-2-methyl-pipera2in-1-yl)-oxazolo[5,4-b]pyridine (prepared according to the 
5 method of Example 16, Step A, 30 g, 97 mmol) in methanol (970 mL) was added 
hydrogen chloride (5.85 M in methanol. 20 mL, 116 mmol). ammonium fomiate (122 
g. 1 .95 mol). and 10 % palladium on carbon (60 g. 200 wt%). This mixture was stirred 
at reflux for 50 min. cooled, and filtered through Celite. The filtrate was concentrated, 
diluted with saturated aqueous sodium bicarbonate, and extracted with chloroform 

10 (1x) followed by 10% isopropanol/chlorofomri (4x). The combined organic extracts 
were dried over sodium sulfate, filtered, and evaporated to give 16 g (76%) of the title 
compound of Example 16. Step B as a green oil. NMR (CDCI3, 400 MHz) 5 7.89 
(m. 1H). 7.53 (m. 1H). 7.09 (m, 1H). 4.42 (m. 1H). 4.11 (d. 1H). 3.35 (td. 1H). 3.09- 
3.03 (c. 2H). 2.85 (d, 1H). 2.82 (td. 1H). 1.38 (d. 3H); MS (APCI) 219 (MH"). 

15 Step C: 1 R-r4-f 3S-Methvl-4-oxazolof5.4-b1pvridin-2-vl>DiDera2in-1 >vl Vpvrimidin-2-vn- . 
ethvl butvrate . A mixture of (S)-2-(2-methyl-pipera2in-1-yl)-oxa2olo[5,4-b]pyridine 
(prepared according to the method of Example 16, Step B, 10 g. 45.9 mmol), (R)-1-(4- 
chloro-pyrimidin-2-yl)-ethyI butyrate (prepared according to the method of Preparation 
Seven. 9.5 g. 41.7 mmol), and triethylamine (17.3 mL, 125 mmol) in isopropanol (230 

20 mL) was heated at reflux for 30 h, cooled to room temperature, diluted with saturated 
aqueous sodium bicarbonate, and extracted with chloroform (4x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (1.5% methanol/chloroform) to give 16 g (93%) of the 
title compound of Example 16, Step C as a yellow oil. NMR (CDCI3. 400 MHz) 5 

25 8.23 (d. 1H), 7.93 (dd. 1H), 7.57 (d, 1H), 7.13 (dd. 1H), 6.39 (d. 1H). 5.67 (q, 1H). 4.61 
(m. 1H). 4.42 (m. 1H). 4.28 (m. 1H), 4.18 (dt. 1H). 3.51 (td. 1H). 3.41 (dd. 1H). 3.17 
(td. 1H). 2.39 (t. 2H). 1.72-1.59 (c. 2H), 1.57 (d, 3H), 1.30 (d. 3H). 0.95 (t. 3H); MS 
(APCI) 411 (MH"). 

Step D: 1R-f4-f3S-MethvM-oxazolor5.4-blpvridin-2-vl-PiDera2in-1-vlVpvrimidin-2-vn- 
30 ethanol . A mixture of 1 R-[4-(3S-methyl-4-oxazolo[5,4-b]pyridin-2-yI-pipera2in-1 -yl)- 
pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Example 16, Step 
C. 16 g. 39.0 mmol) and potassium carbonate (10.8 g, 78.1 mmol) in methanol (195 
mL) was stirred at room temperature for 4 h, diluted with saturated aqueous sodium 
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bicarbonate. and extracted with chloroform (1x) followed by 10% 
isopropanol/chloroform (3x). The combined organic extracts were dried over sodium 
sulfate, filtered, evaporated, and purified by flash column chromatography (1->2.5% 
methanol/chloroform) to give a white foam that was recrystallized from 

5 ether/chloroform to give 8.9 g (67%) of the title compound as a white solid, mp: 1 47- 
149 'C; 'H NMR (CDCI3. 400 MHz) 5 8.24 (d. 1H), 7.94 (dd, 1H). 7.58 (d. 1H). 7.14 
(dd. 1H). 6.42 (d. 1H). 4.72 (m. 1H). 4.64 (m. IN). 4.42 (m. 1H). 4.32 (m. IN). 4.25 (d. 
1H). 4.21 (dt. 1H). 3.54 (td. 1H). 3.46 (dd, 1H), 3.24 (td. 1H). 1.51 (d. 3H). 1.33 (d. 
3H): MS (APCI) 41 1 (MH*); [a^ +70.4 (c 1 .1 , MeOH). 

0 Examples 17 to 25 

Examples 17 to 25 were prepared from the appropriate starting materials in a manner 
analogous to the method of Example 16. 

Example 17 

1R-f4-(3S-Methvl-4-ouinoxalin-2-vl .pipera?in-1.vn-pvrimidin.?-vn-ethannl 




'H NMR (CDCI3, 400 MHz) 5 8.56 (d. 1H), 8.23 (d. IN). 7.89 (d. 1H). 7.69 (d. 1H). 7.59 
(t. IN). 7.41 (t. IN). 6.42 (d. 1H). 4.78 (m. 1H). 4.73 (m. 1H). 4.43 (m, 1H). 4.38-4.23 
(c. 2H). 3.64-3.52 (c. 2H). 3.38 (m. 1H). 1.52 (d. 3H). 1.30 (d. 3H): MS (APCI) 351 
(MH*); [ah +57.0 (c1.2, CHa,). 

Example 18 

1R-f4-r4-f4.6-Dimethvl-DVrimiriin-2-vfW3S-m<»t hvl-DiDefa?in-1.vn-pvrimiriin.9.Y«} - 



ethanol. 




OH 
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'H NMR (CDCI3, 400 MHz) 5 8.18 (d. 1H). 6.37 (d. 1H). 6.30 (s. 1H), 5.04 (m. 1H). 
4.70 (q. 1H), 4.60 (dt. 1H). 4.37 (brs. 1H), 4.36-4.12 (c. 2H), 3.40 (dd. 1H). 3.34 (td. 
1H). 3.16 (td. 1H). 2.28 (s. 6H), 1.51 (d. 3H), 1.16 (d. 3H); MS (APCI) 329 (MH*); (o]o 
+78.8 (cl.6, MeOH). 
5 Example 19 

1R-(4-f4-(2-Hvdroxvmethvl-6-methvl-Dvrimidin-4-vh-3S-niethvl-piDerazin-1-vn- 
pvrimidin-2-vl)-ethanol . 



Me 




'H NMR (CDCI3. 400 MHz) 5 8.23 (d. 1H). 6.38 (d, 1H). 6.23 (s, 1H). 4.71 (q, 1H). 4.58 
10 (s. 3H). 4.36-4.18 (c. 4H). 3.86 (br s. 1H), 3.57 (dd. 1H). 3.46 (td. 1H). 3.32 (td. 1H). 
2.38 (s. 3H). 1.51 (d, 3H). 1.22 (d. 3H); MS (APCI) 345 (MH*); (oJo +72.6 (c 1.1. 
MeOH). 

Example 20 

1R-f4-(3S-Methvl-4-oxazolof4.5-blDvridin-2-vl-piperazin-1-vl)-pvrimidin-2-vn-ethano! . 




mp: 158-161 'C; 'H NMR (CDCI3. 400 MHz) 5 8.22-8.15 (c. 2H). 7.40 (dd. 1H), 6.86 
(dd. 1H). 6.40 (d. 1H). 4.65 (m. 1H). 4.61 (m. 1H). 4.44^.20 (c, 3H). 4.18 (dt. 1H). 
3.50 (td. 1H). 3.41 (dd. 1H), 3.19 (td. 1H). 1.45 (d. 3H). 1.26 (d. 3H); MS (APCI) 341 
(MH*); (a]o +58.2 (cl.1. MeOH). 
20 Example 21 

1R-r4-(3S-Methvl-4-oxazolor4.5-dpvridin-2-vl-piperazin-1-vlVpvrimidin-2-vn-ethanol . 
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'H NMR (CDCI3, 400 MHz) 8 8.68 (d. 1H). 8.32 (d, 1H), 8.24 (d. 1H). 7.25 (dd, 1H), 
6.42 (d. 1H).4.71 (m.1H). 4.60 (m. 1H),4.42 (m, 1 H), 4.32-4.23 (c, 2H), 4.17 (dt. 1H), 
3.56 (td, 1H). 3.47 (dd. 1H), 3.24 (td. 1H), 1.51 (d. 3H). 1.32 (d, 3H); MS (APCI) 341 
5 (MH*); [alo +57.9 (c 1 .6. MeOH). 

Example 22 

1R-f4-(3S-Methvl-4-oxazolof5.4-clDVridin-2-vl-piDerazin-1-vlVDvrimidin-2-vl1-€thanol . 




'H NMR (CDCI3. 400 MHz) 5 8.56 (s. 1H). 8.37 (d, 1H). 8.25 (d. 1H). 7.29 (d. 1H), 6.43 
10 (d. 1H). 4.72 (m. 1H), 4.65 (m. 1H). 4.45 (m. 1H). 4.29 (m, 1H). 4.26-4.20 (c. 2H). 3.58 
(td, 1H). 3.48 (dd, 1H), 3.26 (td, IN). 1.51 (d. 3H), 1.34 (d, 3H); MS (APCI) 341 (MH*); 
(a]D+61.1 (c 1.0, MeOH). 



15 



Me 

At' — X— N^^^ — ^ 



Example X-Af^ C* mp (°C) MS (MH*) 

23 quinoxalin-2-yi R 351 

24 (2-{C(CH3)jOH])- pyrimidin-4.yl S 359 

25 benzoxazol-2-yl S 340 
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Examole 26 



10 



15 



20 



1 R-(4-M-r2>(1 R>Hvdroxv-ethvlVDvrimidin-4-vn-2R.6S-dimethvl-piDera2in-1 -vIV 
pvrimidin-2-vlVethanol . 



Method 1: To a solution of 1R-[4-(2R,6S-dimethyl-piperazin-1-yl)-pyrimidin-2-yl]-ethyl 
butyrate (prepared according to the method of Preparation Four. 72.8 g. 238 mmol) 
and triethylamine (50 mL, 357 mmol) in isopropanol (793 mL) was added (R)-1-(4- 
chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation 
Seven. 54.3 g, 238 mmol). This mixture was stin-ed at reflux for 12 h and 
concentrated. The residue was dissolved in a 3:1 :1 mixture of 
tetrahydrofuran/methanol/water (1200 mL) and lithium hydroxide hydrate (60 g, 1.43 
mo!) was added. This mixture was stin'ed at room temperature for 2.5 h. concentrated 
somewhat, diluted with saturated aqueous sodium bicarbonate, and extracted with 
10% Isopropanol/chloroform (6x). The combined organic extracts were dried over 
sodium sulfate, filtered, and evaporated. The residue was diluted with 1:1 ethyl 
acetate/methanol (1 100 mL) and stin-ed at room temperature for 1 h. The precipitate 
was collected by filtration and the filtrate was concentrated to about 850 mL. After 1 h, 
more precipitate had formed and this material was collected by filtration. The filtrate 
was concentrated somewhat and ethyl acetate was added. After 1 h more precipitate 
had again formed and this material was collected by filtration. This was repeated one 
more time to give in total 65.9 g (77%) of the title compound as a white solid, mp: 
163-164.5 'C; NMR (CDCI3, 400 MHz) 5 8.24 (d, 1H), 8.23 (d. 1H), 6.46 (d. 1H). 
6.36 (d. 1H), 4.74-4.70 (c, 2H). 4.70^.50 (c. 2H). 4.50-4.30 (c. 2H). 4.30 (d. 1H), 4.27 
(d. 1H), 3.31 (dt, 2H). 1.51 (d. 6H). 1.26 (d, 6H); MS (APCI) 359 (MH*); [aJo +42.3 (c 
1.0. MeOH). 

Method 2. Step A: 1 R-f444-r2-n R>Butvrvloxv-ethvn-Pvrimidin-4-vn-2R.6S-dimethvl- 
piperazin-t-vlVDvrimidin-2-vn-ethvl butvrate . To a solution of (R)-2-(1 -bjutyryloxy- 
ethyl)-3H-pyrimidin-4-one (828 g. 3.9 mol) in dichloromethane (50 L) was added 



Me 
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triethylamine (576 mL. 4.1 mol) and the resulting solution was cooled to 5 *C. A 
solution of trifluoromethanesulfonic anhydride (729 mL, 4.3 mol) in dichloromethane (6 
L) was added slowly such that the intemal temperature was maintained at <10 X. 
After the addition was complete, the reaction was judged complete by TLC and 
5 quenched by the addition of water (5.3 L). The organic layer was separated, washed 
with water (20 L) and saturated aqueous sodium bicarbonate (20 L). and dried over 
sodium sulfate. This solution was then slowly added to a solution of 1 R-[4-(2R,6S- 
dimethyl-piperazin-1-yl)-pyrimidin-2-yl]"ethyl butyrate dibenzoyl-L-tartrate salt 
(prepared according to the method of Preparation Fifteen. 2.49 kg, 3.75 mol) and 

10 triethylamine (1 .6 L, 11 ,6 mol) in dimethylacetamide (18 L) such that the intemal 

temperature was maintained at <10 X. The resulting solution was allowed to stir for 
12 h at 10 and then diluted with ethyl acetate (40 L) and water (27 L). The 
aqueous layer was removed and the organic layer was washed twice with water (40 
L) and once with brine (20 L), and dried over sodium sulfate. The resulting solution 

15 was partially concentrated (8 L) and then hexanes (23 L) was added. The resulting 
suspension was allowed to granulate for 12 h and then filtered over cotton. The solids 
were dried under vacuum (40 'C) to provide 1 178 gm (63%) of the title compound of 
Example 26. Method 2, Step A as a white solid. The NMR and MS data for this 
compound are in agreement with that of Example 266. 

20 Method 2, Step B : 1 R-(4-(442-(1 R-Hvdroxv-ethvi Vpvrimidin^^vn-2R.6S-dimethvl- 
DiDerazin-1-vlVDvrimidin-2'-vlV-ethanol . To a solution of 1R-(4-{4-[2-(1R-butyryloxy- 
ethyl)-pyrimidin-4.yl]-2R.6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethyl butyrate 
(prepared according to the method of Example 26. Method 2, Step A. 1140 g, 2.28 
mol) in isopropanol (1 1.4 L) was added 40% aqueous potassium hydroxide (800 mL) 

25 at room temperature. The resulting solution was allowed to stir for 16 h and then 
diluted with water (5 L) and dichloromethane (4 L). The organic layer was separated 
and the aqueous layer was extracted with dichloromethane (4 L). The combined 
organic layers were washed twice with 1 M aqueous sodium hydroxide (10 L) and 
twice with water (5 L), partially concentrated (5 L). diluted with ethyl acetate (4 L), and 

30 again partially concentrated (6 L). Hexanes (10 L) was added and the resulting slurry 
was allowed to stir at reflux for 12 h, cooled to room temperature, and filtered. The 
resulting solid was dried under vacuum to provide 758 g (93%) of the title compound 
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as a white solid. The mp, NMR, MS, and optical rotation data for this compound 
are in agreement with that of Example 26, Method 1 . 

Examples 27 to 62 

Examples 27 to 62 were prepared from the appropriate starting materials in a manner 
5 analogous to the method of Example 26. 

Example 27 

1R4444-(4.6-Pimethvl-Pvrimidin-2-vn-2R.6S-dimethvl-piperazin-1-vn-Dvrimidin-2«yl}- 
ethanol. 




10 mp: 150.5-152 *C; NMR (CD3OD, 300 MHz) 5 8.14 (d, 1H), 6.62 (d. 1H). 6.46 (d. 
1H). 6.40 (s, 1H). 4.83 (d, 2 H). 4.72-4.52 (c. 3H). 3.30 (dd, 2H), 2.28 (s. 6H). 1.46 (d. 
3H). 1.23 (d, 6H); MS (APCI) 343 (MH^); [a]o +12.0 (c 1.3. MeOH). 

Example 28 

1R-f4-f2R.6S-Dimethvl'4-oxazolor5.4-c1PVridin-2>vl-pipera2in-1-vn-pvrimidin-2-vl]» 
15 ethanol. 



Me 




'H NMR (CD3OD. 300 MHz) 5 8.53 (d, 1H), 8.28 (d. 1H). 8.20 (d, IN). 7.34 (dd, IN). 
6.68 (d, 1 H). 4.90-4.72 (c, 2H). 4.69 (q. 1 H), 4.32 (d, 2H). 3,56 (dd. 2H). 1 .47 (d, 3H). 
1.33 (d, 6H); MS (APCI) 343 (MH"); [a]o.+8.1 (c 1.3. MeOH). 
20 Example 29 

1R-/4-r4-(4-Hvdroxvmethvl-6-methvl-pvrimidin-2-vlV2R,6S-dimethvl-piDerazin-1-vn- 
pvrimidin-2-vlVethano! . 
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Me Me 




mp: 139-141 'C; 'H NMR (CD3OD. 300 MHz) 6 8.24 (d, 1H), 6.51 (d, 1H). 6.38 (s. 
1 H). 4.90 (m. 1 H). 4.84 (d. 2H). 4.77-4.53 (c. 2H), 4.55 (s. 2H). 3.24 (dd. 2H), 2.37 (s. 
3H). 1.61 (d. 3H). 1.32 (d. 6H); MS (APCI) 359 (MH*); [ah +14.8 (c 1.0. MeOH). 
5 Example 30 

1R44-f4-(2.6-Dimeth\d-pvrimidin-4-vlV2R.6S-dimethvl-DiDerazin-1-vn-Pvrimidin-2-vl)- 
ethanol. 



Me Me 




'H NMR {CDCI3, 300 MHz) 6 8.22 (d, 1H); 6.36 (d. 1 H), 6.26 (s. 1 H). 4.71 (m. 1H). 
10 4.65^.50 (c. 2H). 4.42-4.28 (c. 3H). 3.24 (dd. 2H). 2.49 (s. 3H), 2.35 (s. 3H). 1.52 (d. 
3H). 1 .26 (d. 6H); MS (APCI) 343 (MH*); [afc + 11 .4 (c 0.8, MeOH). 

Example 31 

1 R-f4-(2R.6S-Dimethvl-4-oxazolor4 .5-blPvridin-2-vl-piperazin-1 -vl Vpvrimidin-2-vl]- 
ethanol. 




15 OH 

mp: 231-233 'C; 'H NMR (CDCI3. 400 MHz) 5 8.26-8.23 (c, 2H). 7.47 (d, 1H). 6.94 
(dd. 1H). 6.39 (d, 1H). 4.75-4.53 (c. 2H). 4.72 (q. 1H). 4.35 (d. 1H). 4.28 (m. 1H). 3.44 
(dd. 2H). 1.51 (d. 3H). 1.34 (d, 6H); MS (APCI) 355 (MH*); [ajo +8.0 (c 0.8. MeOH). 
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Examole 32 

1R-/444-(2-Hvdroxvmethvl-6-methvl>Dvrimidin-4-vlV2R.6S-dimethvl-DiDera^^ 
pvrimidin-2-vl)-ethanol . 



N ^ ^ N 



Me ( Me 

OH OH 

5 'H NMR (CD3OD. 300 MHz) 5 8.16 (d. 1H). 6.66 (s. 1H). 6.63 (d. 1H). 4.85-4.63 (c, 
2H). 4.67 (q. 1H), 4.58 (d, 2H). 4.50 (s. 2H), 3.26 (dd. 2H). 2.35 (s. 3H). 1.46 (d, 3H). 
1.24 (d, 6H); MS (APCI) 359 (MH*); [ak +11.8 (c 0.9, MeOH). 

Example 33 

1R-f4-f2R.6S-Dimethvl-4-oxazolof5.4-blPvridin-2-vl-DiDerazin-1-vlVpvrimidin-2-vn- 
10 ethanol . 

Me 




Me""\ Me 
OH 

mp: 204-207 'C; 'H NMR (CDCI3. 400 MHz) 8 8.25 (d. 1H), 7.95 (dd. 1H), 7.59 (dd. 
1H). 7.15 (dd, 1H). 6.39 (d, IN), 4.80^.57 (c, 2H), 4.73 (q, 1H), 4.30 (d. 2H). 3.42 (dd, 
2H). 1.51 (d. 3H). 1 .35 (d. 6H); MS (APCI) 355 (MH*); [afc +7.5 (c 0.7, MeOH). 
15 Example 34 

2-(444-f2-( 1 R-Hvdroxv-ethvlVpvrimidin-4-vfl-3R.5S-dimethvl-pipera2in-1 -vl>-pvrimidin- 
2-vl)-propan-2-ol . 

Me^ 

'Me 



Me«'»'( Me /s^ 



OH OH 
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mp: 138-140 'C; 'H NMR (CDCI3, 400 MHz) 5 8.23 (d. 2H). 6.45 (d, 1H). 6.36 (d, 1H), 
4.86 (s, 1H). 4.70 (m. 1H), 4.67-4.33 (c. 4H), 4.30 (d. 1H), 3.31 (dd, 2H). 1.53 (s, 6H). 
1.51 (d. 3H). 1.25 (d. 6H); MS (APCI) 373 (MH*); [ajo +15.5 (c 1.2. MeOH). 

Example 35 

5 iR-|4-r4-(4-Hvdroxvmethvl-6-methvl-pvrimidin-2-vlV2S-methvl-pipera2in-1-vn- 
Dvrimidin-2-vl)-ethanol . 



Me 




'H NMR {CDCI3. 400 MHz) 5 8.18 (d. 1H), 6.36 (d, 1H). 6.32 (s. 1H). 4.69 (q. 1H), 
4.60-4.53 (c. 3H). 4.52 (s, 2H). 4.38-4.18 (c, 2H). 3.63 (m. 1H). 3.40-3.29 (c, 2H), 3.24 
10 (m. 1 H). 2.32 (s. 3H). 1 .49 (d. 3H). 1 .20 (d. 3H); MS (APCI) 345 (MH*); [a]o +66.5 (c 
1.0. MeOH). 

Example 36 

1R-l4-r4-(4-Hvdroxvmethvl-6-methvl-pvrimldln-2-vlV2R-methvl-pipera2in-1-vn- 
pvrimidln-2-vlVethanol . 

Me 




'H NMR (CDCIa, 400 MHz) 6 8.21 (d. 1H), 6.37 (d. 1H). 6.33 (s. 1H). 4.72 (m, 1H), 
4.67-4.54 (c. 3H). 4.54 (s. 2H). 4.34 (d. 1H). 4.20 (d. 1H). 3.58 (brs. 1H). 3.42-3.32 (c. 
2H). 3.26 (td, 1H), 2.34 (s. 3H), 1.51 (d, 3H). 1.21 (d, 3H); MS (APCI) 345 (MH*); [a]o - 
35.0 (c 1.1. MeOH). 
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Example 37 

1R-(444-(2-Hvdroxvmethvl>Dvrimidin-4>vl)-3S-methvl-pipera2in-1-vl1-pvrimidin 
ethanol. 





M 

Me'""< Me ) 

OH OH 

5 mp: 1 78-181 'C; 'H NMR (CDCIj, 400 MHz) 5 8.23 (d. 2H). 6.38 (d. 2H). 4.60 (q. 1H). 
4.60 (s. 2H). 4.56 (m. 1H), 4.28-4.15 (c.4H). 3.72 (brs. 1H).3.58(dd. 1H),3.48(m. 
1H), 3.33 (td, 1H). 1.51 (d. 3H). 1.23 (d. 3H); MS (APCI) 331 (MH*); [ajo +88.9 (c 1.1. 
MeOH). 

Example 38 

10 1 R-f4-f4-f2-( 1 R-Hvdroxv-€thvn-Dvrimidin-4-vn-2S-methvl-DiDerazin-1 -vlVovrimiriin.9. 
vh-ethanol . 

Me""/ Me V— Me 

OH OH 

mp: 158-160 "C; 'H NMR (CDCI3. 400 MHz) 5 8.24 (d. 2H). 6.39 (d, 1H). 6.38 (d. 1H). 
4.71 (m. 2H). 4.55 (brs, 1H). 4.32-4.16 (c. 5H). 3.60 (dd. 1H). 3.48 (td. IN). 3.38 (td. 
15 1H). 1.52 (d. 6H). 1.24 (d. 3H); MS (APCI) 345 (MH*); [a]o +82.5 (c 1.0. MeOH). 

Example 39 

1R..(444.f2-nR-Hvdroxv-ethvt VDvrimidin-4-vn-2R-methvl-DiDera2in-1.vlVDvrimidin-2- 
vlV-ethanol . 



Me""-( Me >— Me 

OH OH 
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mp: 155-157 X; *H NMR (CDCI3. 400 MHz) 8 8.24 (d, 2H). 6.39 (d. 1H). 6.38 (d. 1H). 
4.73 (m. 2H). 4.58 (brs. 1H). 4.32-4.16 (c. 5H). 3.59 (dd. 1H). 3.50 (m. 1H). 3.38 (m. 
1H). 1.52 (d, 6H), 1.25 (d. 3H); MS (APCI) 345 (MH*); [afc -30.4 (c 0.9, MeOH). 

Example 40 

5 1R-M-r3-r2-f1R-Hvdroxv-ethvn-Dvrimidin-4-vn-3.9-dia7a-bicvcl or3.3.11non-9-vlV 
pvrimidin-2-vl)-€thanol . 



Me*'" 




mp: 151-158 'C; 'H NMR (CDCI3, 400 MHz) 5 8.24 (d. 2H). 6.42 (d. 1H). 6.41 (d. 1H). 
4.72 (m. 2H), 4.48-4.18 (c. 2H). 4.29 (dd. 2H), 3.28 (d. 2H), 2.03 (m, 1H). 1.98-1.82 (c. 
10 4 H). 1.58 (m. 1 H). 1.51 (d. 3H). 1,50 (d. 3H); MS (APCI) 371 (MH*); [ak +27.6 (cO.9. 
MeOH). 

Example 41 

1 R-f4-f4-f2-f 1 S-Hvdrpxv-ethvlVpvrimidin-4-vn-2R.6S-dimethvl-piperazin-1 -vl>- 
pvrimidln-2-vlV-ethanol . 




mp: 222-223.5 "C; 'H NMR (CDCI3. 400 MHz) 5 8.24 (d, 1H). 8.23 (d. 1H). 6.46 (d. 
1H), 6.36 (d. 1H), 4.75-4.51 (c, 4H). 4.50^.30 (c. 4H). 3.31 (dt. 2H). 1.51 (d. 6H), 1.26 
(d, 6H); MS (APCI) 359 (MH*); [ah -3.4 (c 0.5. CHCI3). 
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Example 42 

1S-(4-l4-r2-MR-Hvdroxv-ethvlVpvrimidin"4-vn-2R.6S-dimethvl-piperazin^ 
pvrimidin>2-vn-ethanol . 

Me—/ Me ^— Me 

OH OH 

5 mp: 224-226 'C; 'H NMR (CDCI3, 400 MHz) 5 8.24 (d. 1 H). 8.23 (d. 1 H), 6.46 (d. 1 H). 
6.36 (d. 1H). 4.76-4.51 (c, 4H). 4.50-4.23 (c, 4H), 3.33 (dt. 2H), 1.51 (d, 6H), 1.25 (d. 
6H); MS (APCI) 359 (MH'); lajo +64.2 (c 0.5, CHCI3). 

Example 43 

1 S-^4-(4-r2-f 1 S-Hvdroxv-ethvl>-pvrimidin-4-vn-2R.6S-dimethvl-piperazin-1 -vR- 
10 pvrimidin-2-vl)-ethanol . 

Me^ 



— ^ Me 




Me— < Me >•" Me 

OH OH 

mp: 164-165.5 'C; 'H NMR (CDCI3. 400 MHz) 5 8.24 (d, 1H). 8.23 (d. IN), 6.46 (d. 
1H). 6.36 (d, IN), 4.75-4.51 (c. 4H), 4.50-4.23 (c. 4H), 3.47-3.28 (c. 2H). 1.51 (d. 6H). 
1.25 (d, 6H); MS (APCI) 359 (MH*); No -43.8 (c 1.0. MeOH). 
15 Example 44 

1RS-(4-l4-f2-f1RS-Hvdroxv-ethvl>-pvrimidin-4-vn-2R*.6S'-dimethvl-piperazin-1-vft- 
Pvrimidin-2-vlVethanol . 

Me^ ^ 



Me — ( Me ) — Me 

OH OH 
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mp: 180-186 "C; 'H NMR (CDCI3. 400 MHz) 5 8.24 (d. 1H), 8.23 (d. 1H). 6.46 (d. 1H), 
6.36 (d.1H). 4.75-4.51 (c. 4H), 4.50-4.23 (c. 4H). 3.47-3.28 (c. 2H). 1.51 (d. 6H), 1.25 
(d. 6H); MS (APCI) 359 (MH*). 

Example 45 

5 1 -(4-{4-f2-ri R-H vdroxv-ethvn-Dvrimidin-4-vn-2R.6S-dimethvl-DiDera2in-1 -vD-pyrimidin- 
2-vl>-ethanone . 



Me 




mp: 123-127 "C; NMR (CDCI3. 400 MHz) 5 8.41 (d, 1H). 8.24 (d. 1H). 6.56 (d, 1H). 
6.47 (d. 1H). 4.75^.53 (c, 3H), 4.52-4,28 (c. 2H). 4.26 (m. 1H). 3.36-3.29 (c. 2H). 2.68 
1 0 (s. 3H). 1 .51 (d, 3H). 1 ,28 (d, 6H); MS (APCI) 357 (MH*); [a]o+1 9.4 (c 1 .0, MeOH). 

Example 46 

1 ^4^4.\2-n R-Hvd roxv-€thvtVpvrimidin-4-vn-3R.5S-dimethvl-pipera2in-1 -vl>-Dvrimidin- 
2-vlV-ethanone . 




15 mp: 150-164 'C; 'H NMR (CDCI3. 400 MHz) 5 8.40 (d. 1H). 8.24 (d. 1H). 6.66 (d. 1H), 
6.37 (d. 1H). 4.74^.52 (c, 3H). 4.51^.31 (c. 2H). 4.29 (m. 1H). 3.36 (dd. 2H). 2.69 (s, 
3H). 1.51 (d. 3H). 1.27 (d. 6H); MS (APCI) 357 (MH*); [a]o+21.8 (c 1.1. MeOH). 
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Example 47 

1R.(4.(4-r2-(1R-Hvdroxv-ethvh-ovrimidin-4-vll-2R.6R -dimethvl-DiDera2in-1-vft- 

pvrimidin-2-vl)-ethanol . 

Me 



Me V-Me 





OH 



5 mp: 168-171 'C; 'H NMR (CDCI3. 400 MHz) 6 8.27 (d. 1H). 8.23 (d. 1H). 6.33 (d. 1H). 
6.30 (d. 1H). 4.78-4.69 (c, 2H). 4.68-4.28 (c. 5H). 3.83-3.69 (c, 2H). 3.54 (m. 1H). 1.53 
(d. 3H). 1.52 (d. 3H). 1.43-1.22 (c. 6H); MS (APCI) 359 (MH*); [a]D+92.2 (c 0.5. 
MeOH). 

Example 48 

10 iR-f4-r4-r2-(1R-Hvdroxv-ethvn-Pvrimidin-4-vn-2S.6S-dimethvl-DiDera2in-1-vl)- 
Dvrimidin-2-vn-ethanol . 




Me" 



mp: 168-178 'C; 'H NMR {CDCI3, 400 MHz) 5 8.26 (d. 1H), 8.23 (d. 1H). 6.32 (d, 1H), 
6.29 (d, 1H), 4.78-4.68 (c, 2H). 4.65^.27 (c. 5H), 3.82-3.71 (c. 2H), 3.55 (m, 1H). 1.52 
15 (d. 3H). 1 .51 (d, 3H), 1 .43-1 .20 (c. 6H); MS (APCI) 359 (MH*); [aJo- 32.4 (c 0.7. 
MeOH). 
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Ar^ — X— N 




•Me 



Example 


X-Ar' 






mp CO 


MS IMH*\ 


49 


benzoxazol-2-yl 


(R)-Me 


(S)-Me 




354 


50 


benzothiaznl-?-\/l 


\r\^ivie 






370 


51 


oxazolo[4,5-c]pyridin-2-yl 


(R)-Me 


(S}-Me 




355 


52 






n 




351 


53 


quinoxalin-2-yl 


(S)-Me 


H 




351 


54 


quinoxalin-2-yl 


(R)-Me 


(S)-Me 




365 


55 


(4,6<limethyl)- 
pyrimidin-2-yl 


H 


H 


132-133 


315 


56 


(4,6-dimethyl)- 
pyrimidin-2-yl 


(S)-Me 


H 




329 


57 


(2,6Klimethyl)- 
pyrimLdin-4-yl 


H 


H 


125.5-127 


314 


58 


(2-hydroxymethyl)- 
pyrimidin-4-yl 


{Sy-Me 


H 


146-148 


331 


59 


(2-hydroxymethyl)- 
pyrimidin-4-yl 


(R)-Me 


(S)-Me 


168-171 


345 


60 


(2-hydroxymethyl-6- 
methyl)-pyrimidin-4-yl 


(S)-Me 


H 




345 




•'Me 



Example 



MS (MW) 



61 
62 



(4-hyd roxymethyl-6-methy)- 
lpyrimidin-2-yl 

(R H2-(1-hydroxy-ethyI)). 
pyrimidin-4-yl 



357 



357 



wo 00/59510 



PCT/IBOO/00296 



-169- 



Example 63 

1.f4.f4-r2»Acetvl-pv^im^din-4-vlV2R^6S*-dimethvl.pipe^azi n-1-vn-pv^imid^n-2-vlV 
5 ^thanone . 

Me V"'^® 



Me 



\ O 

A mixture of 1 S-(444-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piper^ 
1.yl}.pyrimidin-2-yl)-€thanol (prepared according to the method of Example 42. 1 .05 g. 
2.93 mmol) and manganese(IV) oxide (5.15 g. 59.3 mmoi) in dichloroethane (28 mL) 

10 was heated at reflux for 7 h, and filtered through Celite (hot). The filtrate was 
concentrated and purified by flash column chromatography (Flash 40M~ 5% 
methanol/chlorofonm) to give 0.67 g (64%) of the title compound as a white solid, mp: 
>235 (dec); NMR (CDCI3. 400 MHz) 5 8.42 (d. 1H). 8.41 (d. 1H), 6.68 (d. 1H), 
6,57 (d. 1H). 4.81-4.36 (c. 4H), 3.39 (dd, 2H). 2.69 (s, 3H). 2.68 (s. 3H). 1.29 (d. 6H); 

15 MS (APCl) 355 (MH7 

Example 64 

1R4444.(4.HvdrQxvmethvl-6-methvl-Dvrimidin-2-vn-3R.5S-dimethvl-pipera2in-1-vn- 
pvrimidin-2''Viy-ethanol . 

Me < Me 

OH 

20 Step A: 1R4444-ftert>BirtQXVcarbQnvlarTiino-tert-butoxvcarb Qnvlimino-methvn-3R.5S- 
dimethvl-Dipera2ln-1 .vn-DVrim idin.2-vlVethvl butvrate. Toamixtureof 1R-[4-(3R,5S- 
dimethyl-piperazin-1-yl)-pyrimidin-2-yl]-ethyl bulyrate (prepared according to the 
method of Preparation Three, 10 g. 32.7 mmol). N,N'-bis(tert-butoxycarbonyl)thiourea 
(8.6 g, 32.7 mmol; Synth. Commun. 1993, 23, 1443). and triethylamine (9.0 mL, 65.4 
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mmol) in dimethylformamide (1 10 mL) at 0 'C was added mercury(ll) chloride (9.8 g. 
36.0 mmol). This mixture was stirred overnight with warming to room temperature, 
diluted with ethyl acetate, and washed with water (3x) and brine (1x). The organic 
phase was dried over sodium sulfate, filtered, and evaporated to give 17.9 g (100%) 
5 of the title compound of Example 64. Step A as a yellow foam. 'H NMR (CDCI3. 300 
MHz) 5 9.61 (s, 1H). 8.19 (d, 1H). 6.37 (d. 1H), 5.66 (q, 1H). 4.51-4.14 (c. 4H). 3.36- 

3.23 (c. 2H). 2.37 (t. 2H). 1.75-1.60 (c. 2H), 1.55 (d. 3H), 1.49 (s. 9H). 1.46 (s. 9H). 
1 .28 (d. 3H). 1 .26 (d, 3H). 0.94 (t. 3H): MS (APCI) 549 (MH*). 

. Step B: 1R-r4-(4-Carbamimidovl-?R .5S-dimethvl-niperazin-1-vlVovrimidin-?.Yq-^thYi 
1 0 butyrate trifluoroacetic acid salt . A mixture of 1 R-{4-I4-(tert-butoxycarbonylamino-tert. 

butoxycarbonylimino-methyl)-3R.5S-dimethyl-piperazin-1.yl]-pyrimidin-2-yl}-ethyl 
butyrate (prepared according to the method of Example 64. Step A, 17.9 g. 32.7 
mmol) in a 3:1 mixture of dichloromethane/trifiuoroacetic acid (300 mL) was stirred at 
room temperature overnight and concentrated to provide -36 g of the title compound 
1 5 of Example 64. Step B as an oil that was used as is. 'H NMR (CDjOD. 400 MHz) 6 

8.24 (d, 1H). 7.25 (d, 1H). 5.69 (q. 1H). 4.19-4.10 (c. 4H). 3.79-3.42 (c, 2H). 2.45 (t 
2H), 1.67-1.45 (c. 2H). 1.63 (d, 3H). 1.32-1.25 (c. 6H). 0.95 (t. 3H); MS (APCI) 349 
(MH*). 

Step C: 1R-f4-r4-(4-Methoxvmfith Yl-6-methvl-nvrimidin-2-vlV3R.5S-dimPthYl- 
20 Piperazin-1-vn-Dvrimidin-?-vi}-Pthanni A c,.l. ■<;r^n of 1 m sodium isopropoxide in 
isopropanol was prepared by adding sodium metal (3.8 g, 160 mmol) to isopropanol 
(160 mL) and heating at reflux until all the metal was consumed. 1 R-I4-(4. 
Carbamimidoyl-3R,5S-dimethyl-piperazin-1-yl)-pyrimidin-2-yO-€thyl butyrate 
trifluoroacetic add salt (prepared according to ttie method of Example 64. Step B. 
25 32.7 mmol theory) was added to the refluxing sodium isopropoxide/isopropanol 
solution followed, after 1 h, by 1-methoxy-pentane-2,4-dione (21^ g. 163 mmol; J. 
Am. Chem. Soc. 1944, 22. 2092). After 12 h. another aliquot of sodium isopropoxide 
(1 M in isopropanol, 65 mL, 65 mmol) was added. After refluxing ovemight, the 
reaction mixture was cooled to room temperature and diluted witti water (100 mL). 
30 Lithium hydroxide hydrate (6.9 g, 163 mmol) was added and this mixture was stirred 
for 3 h, concentrated, and extracted with 10% isopropanol/chlorofonn (3x). The 
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (1-».2.5% methanol/chloroform) to give 10.5 
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g (87%. 2 steps) of the title compound of Example 64, Step C as a yellow solid. 'H 
NMR (CDCI3. 400 MHz) 5 8.18 (d. 1H). 6.54 (s. 1H). 6.43 (d. 1H). 5.00-4.94 (c. 2H). 
4.69 (m. 1H). 4.37^.34 (c. 2H). 4.33 (s. 2H). 3.45 (s. 3H), 3.29-3.23 (c. 2H). 2.33 (s. 
3H). 1 .51 (d. 3H). 1 .20 (s. 6H): MS (APCI) 373 (MH*). 

5 Step D: lR-f4-r4-f4-Hvdroxvmethvl-6-methvl- Pvrimidin-2-vn-3R.5S-dimethvl- 

nlperazin-1-vn-Pvrimidin-2-vlVethanol . To a solution of 1R-{4-[4-(4-methoxymethyl-6- 
methyl-pyrimidin-2-yl)-3R,5S-dimethyl-piperazln-1-yl]-pyrimidin-2-ylhethanol 
(prepared according to the method of Example 64, Step C, 8.0 g, 21.5 mmol) in 
dichloromethane (150 mL) at 0 'C was added boron tribromide (1 M in 

10 dichloromethane. 64.3 mL, 64.3 mmol). This mixture was stin-ed overnight with 

warming to room temperature and quenched by careful addition of saturated aqueous 
sodium bicarbonate. The layers were separated and the aqueous phase was 
extracted with 10% isopropanol/chiorofomn (3x). The combined organic extracts were 
washed with brine (1x). dried over sodium sulfate, filtered, and evaporated. The 

1 5 resulting solid was refluxed in ethyl acetate and filtered (hot). This procedure was 
repeated and the combined filtrates were concentrated to a minimal volume. After 
standing at room temperature overnight, a tan solid was collected by filtration. The 
resulting filtrate was again allowed to stand at room temperature overnight to yield an 
additional crop of the desired product to give all together 6.0 g (78%) of the title 

20 compound as a tan solid, mp: 149-151 'C; NMR (CDCI3. 400 MHz) 5 8.19 (d, 1H), 
6.45 (d. 1H). 6.32 (s, 1H), 5.02-4.96 (c, 2H). 4.71 (q, 1H), 4.53 (s, 2H), 4.50-4.23 (c. 
2H), 3.31-3.25 (c, 2H), 2.33 (s. 3H), 1.51 (d, 3H), 1.23 (s, 6H): MS (APCI) 359 (MH*); 
(alo +18.9 (c 1.1, MeOH). 

Examples 65 to 74 

25 Examples 65 to 74 were prepared from the appropriate starting materials in a manner 
analogous to the method of Example 64. 
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Example 65 

fRV1-(444-(4'Hvdroxy methvl>6-memvl-Dvrimidin-2-vlVDiDerazin-1-vlV 
ethanol . 

Me 




mp: 139-140 'C; NMR (CDCI3. 300 MHz) 5 8.21 (d. 1H). 6.41 (d, 1H). 6.37 (s. 1H). 
4.71 (m. 1H). 4.54 (s, 2H). 4.32 (d. 1H). 4.02-3.93 (c. 4H), 3.78-3.68 (c. 4H). 3.65 (br 
s. 1H). 2.34 (s. 3H). 1.19 (d. 3H); MS (TS) 331 (MH*); [a]o +21.6 (c2.0. MeOH). 

Example 66 

1R^4-f4-(4.6-Dimethvl-P vrimidin-2>vlV3R.5S^imethvl-Diperazin-1-vn>pvri 
ethanol. 




mp: 141.5-142.5 ^C; NMR (CDCI3. 400 MHz) 5 8.17 (d. 1H), 6.43 (d, 1H), 6.28 (s. 
1H). 5.03-4.97 (c. 2H). 4.70 (q, 1H). 4.44^.18 (c, 2H). 3.32-3.20 (c, 2H), 2.27 (s. 6H). 
1.50 (d, 3H). 1.20 (d. 6H); MS (APCI) 343 (MH^; [a]o +19.2 (c 1,1. MeOH). 

Example 67 

1R-^4-r4-r4-MethQxvmet hvl-6-methvl-pvrimidin-2>vlV3R.5S-dimethvl-piperazin^ 
Pvrimidin-2-vlVethanQl 
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'H NMR (CDCI3. 400 MHz) 5 8.18 (d. 1H). 6.55 (s. 1H). 6.43 (d. IN). 5.02-4.93 (c. 2H). 
4.69 (m, 1H). 4.43-4.20 (c. 2H). 4.36 (d. 1H). 4.33 (s. 2H). 3.46 (s. 3H). 3.30-3.21 (c. 
2H). 2.34 (s. 3H). 1.51 (d. 3H). 1.20 (d. 6H): MS (APCI) 373 (MH*); [a]o +16.0 (c 0.9, 
MeOH). 

Example 68 

lR.f4.f4-f4-Hvdroxvmethvl-6-methvl-Dvrimidin-2-vl V3R-methvl-Dipera2in-1-vn- 
pvrimidin-2-vft-ethanol . 



10 NMR (CDCI3. 400 MHz) 5 8.17 (d. 1H). 6.36 (d. IN). 6.32 (s, 1H). 4.98 (m. 1H). 
4.69 (q. 1H). 4.58 (dt. 1H). 4.51 (s. 2H). 4.37-4.11 (c, 3H). 3.62 (brs. 1H). 3.48-3.36 
(c. 2H). 3.18 (td. 1H). 2.31 (s. 3H). 1.49 (d. 3H). 1.17 (s. 3H); MS (APCI) 359 (MH*); 
[a]D-40.6 (c 1.0, MeOH). 



15 iR44-f4-(4-Hvdroxvmethvl-6-methvl-Dvrimidin-2-vl)-3S-m ethvl-piDerazin-1-vlV 
pvrinnidin-2-vlV-ethanol . 



'H NMR (CDCIa. 400 MHz) 5 8.17 (d. 1H). 6.36 (d. 1H). 6.33 (s, 1H). 4.99 (m. 1H). 
4.69 (q, 1H). 4.58 (m. 1H). 4.52 (s, 2H), 4.404.1 1 (c. 3H). 3.60 (br s, 1H). 3.45-3.34 
20 (c. 2H), 3.19 (td. 1H). 2.32 (s. 3H). 1.49 (d. 3H), 1.16 (s. 3H); MS (APCI) 359 (MM*); 
ta]D+68.1 (cO.7. MeOH). 




Example 69 



Me 
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Example 


R« 


R« 




R« 


mpro 


MS (MH*) 


70 


H 


OH 


3R-Me 


5S-Me 




331 


71 


Me 


OH 


3R-Me 


5S-Me 


231-232 


345 


72 


Ph 


OH 


3R-Me 


5S-Me 




407 


73 


Me 


ethoxymethyl 


3R-Me 


5S-Me 




387 


74 


Me 


ethoxymethyl 


2R-Me 


6S-Me 


106-108 


387 


ExaiDDle 75 



f RV542-(1 -Hvdroxv-ethvn-Dvrimidin^-vn-1 -methvl-2-quinoxalin-2-vl-1 .2.4.5.6.7- 
hexahvdro«Pvrazolof4.3'Clpvridin'3'Qne . 




Step A: 3-Oxo-2-auinoxalin'2>vl-1.2.3.4.6J-hexahvdro-pvrazQlof4.3'Clpvridine'5- 
10 carboxvlic acid tert-butvl ester . To a solution of 4HDxo-piperidine-1 ,3-dicarboxylic acid 
1-tert-butyl ester 3-ethyl ester (500 mg. 1.84 mmoi; Tetrahedron 1994. 50. 515) in 
toluene (10 mL) was added quinoxalin-2-yl-hydra2ine (295 mg, 1.85 mmoi; 
Heterocycles 1985, 23, 2603). This mixture was stirred at reflux overnight, cooled to 
room temperature, concentrated, and purified by flash column chromatography 
15 (25->75% ethyl acetate/hexanes) to give 600 mg (89%) of the title compound of 

Example 75, Step A as a light orange solid. NMR (CDCI3, 250 MHz. 5:1 mixture of 
tautomers) 5 11.94 (br s. 0.83H), 10.16 (s, 0.17H), 9.57 (s, 0.83H), 8.13 (dd, 1H). 
7.91-7.69 (c. 3H). 4.45 (s. 1.66H), 4.33 (s. 0.34H). 3.79-3.72 (c. 2H). 2.82-2.72 (c, 
2H), 1.52 (s, 9H); MS (APCI) 368 (MH"). 
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Step B: 1-Methvl>3K)XC>2>Quinoxalin-2-vl-1.2.3.4 ,fi,7-hexahvdro-Dvrazolor4.3- 
clDVridine«5-carboxvlic acid tert-butvl ester . To a solution of 3-oxo-2-quinoxalin-2-yl- 
1. 2,3.4 .6,7-hexahydro-pyrazolo[4,3-c]pyridine-5'Carboxylic acid tert-butyl ester 
(prepared according to the method of Example 75, Step A. 250 mg. 0.68 mmol) in 
5 dimethylformamide (2 mL) at 0 X with stirring under nitrogen was added sodium 
hydride (60% dispersion in mineral oil. 41 mg. 1.02 mmol). After 10 min. iodomethane 
(51 pL. 0.82 mmol) was added. This mixture was allowed to stir at 0 X for 2 h, 
quenched by addition of saturated aqueous sodium bicarbonate and extracted with 
ethyl acetate (4x). The combined organic extracts were dried over sodium sulfate. 

1 0 filtered, evapprated, and purified by flash column chromatography (40% ethyl 

acetate/hexanes) to give 164 mg (63%) of the title compound of Example 75. Step B 
as a yellow foam. NMR (CDCIa. 250 MHz) 5 9.71 (s. 1H), 8.15 (dd. 1H). 8.02 (m, 
1H), 7.80-7.70 (c. 2H). 4.29 (s. 2H), 4,14 (t, 2H). 3.79 (s, 3H). 2J2-2.67 (c. 2H). 1.50 
(s. 9H); MS (APCI) 382 (MH*). 

1 5 Step C: 1'Methvl-2-ouinoxalin-2-vl'1.2.4.5.6.7-hexahvdro>Dvrazolo[4.3-dDvridin-3« 
one hydrochloride . To a solution of 1-methyI-3-oxo-2-quinoxalin-2-yH .2,3.4,6.7- 
hexahydro-pyrazolo[4,3-c]pyridine-5-cari3oxylic acid tert-butyl ester (prepared 
according to the method of Example 75, Step B, 279 mg, 0.73 mmol) in methanol (6 
mL) was added hydrogen chloride (5.85 M in methanol. 1.25 mL, 7.3 mmol). This 

20 mixture was heated at 60 ''C for 30 min, cooled to room temperature, and 

concentrated to give 249 mg (>100%) of the title compound of Example 75, Step C as 
a dari< red solid. NMR (CD3OD, 250 MHz) 5 9.45 (s, 1H). 8.13 (dd, 1H). 8.05 (m, 
1H), 7.91-7,83 (c, 2H), 4.05 (s. 2H). 3.64 (t, 2H). 3.56 (s. 3H). 3.12 (t, 2H); MS (APCI) 
282 (MH*). 

25 Step D: fRVl44-(1-Methvl-3-oxO'2-Quinoxalin-2-vl-1. 2.3.4 .6.7-hexahvdro- 

Dvrazolor4.3-clpvridin>5-vn-Dvrimidin-2>vn-ethvl butvrate . To a stin-ed solution of 1- 
methyl-2-quinoxalin-2-yH,2,4,5.6,7-hexahydro-pyrazolo[4,3-c]pyridin-3-one 
hydrochloride (prepared according to the method of Example 75, Step C, 175 mg. 
0.55 mmol) and (R)-1-(4-chloro-pyrimidin-2-yI)-ethyl butyrate (prepared according to 

30 the method of Preparation Seven. 1 26 mg. 0.55 mmol) in isopropanol (6 mL) was 

added triethylamine (230 pL, 1.66 mmol). This mixture was heated to reflux ovemight, 
cooled to room temperature, and evaporated. The residue was diluted with saturated 
aqueous sodium bicarbonate and extracted with chloroform (3x). The combined 
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organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (1.5% methanol/chlorofonn) to give 248 mg (95%) of 
the title compound of Example 75, Step D as a yellow oil. NMR (CDCIa, 250 MHz) 8 
9.70 (s. 1H), 8.29 (d. 1H), 8.15 (dd. 1H), 8.03 (m, 1H), 7.82-7.70 (c, 2H), 6.48 (d, 1H) 
5 5.72 (q. 1 H). 4.36 (s. 2H), 4.35-4.1 5 (c. 2H). 3.42 (s. 3H). 2.77-2.82 (c. 2H). 2.43 (t, 
2H). 1.79-1.60 (c, 2H). 1.61 (d. 3H). 0.99 (t, 3H): MS (APCI) 474 (MH*). 
Step E: (R>-5-r2-f1-HvdrQxv-ethvlVDvrimidin-4-vl]-1-methvl-2-Quinoxalin-2-vl- 
1.2.4.5.6.7-hexahvdro>Dvra2olof4.3-c1Pvridin-3-one . To a solution of (R)-1-[4-(1- 
methyl-3-oxo-2-quinoxalin-2-yl-1 ,2,3.4.6.7-hexahydro-pyrazoio[4,3-c]pyridin-5-yl)- 

10 pyrimidin-2-yI]-ethyl butyrate (prepared according to the method of Example 75, Step 
D, 248 mg, 0.52 mmol) in a 5:2 mixture of methanol/tetrahydrofuran (7 mL) was added 
potassium carbonate (218 mg. 1,57 mmol). This mixture was stirred at room 
temperature ovemight and evaporated. The residue was diluted with saturated 
aqueous sodium bicarbonate and extracted with chloroform (3x). The combined 

15 organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (1.5->3% methanol/chlorofomi) to give 150 mg (71%) 
of the title compound as a white solid, mp: 217-219 X (dec); NMR (CDCI3, 250 
MHz) 59.66 (s. IN), 8.25 (d.1H),8.12(dd,1H), 7.99 (m.1H), 7.68-7.78 (c, 2H). 6.47 
(d. IN). 4.72 (q. 12H). 4.32 (s, 2H). 4.19^.14 (c. 3H). 3.41 (s, 3H), 2.80 (t, 2H), 1,51 

20 (d, 3H); MS (APCI) 404 (MH*); [a]o +1 3.4 (c 1 .5, CHCI3). 

Examples 76 and 77 
Examples 76 and 77 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 75. 




Example 
76 
77 



B mp rC) 



N-Me benzothiazol-2-yl CO 176-178 
CO quinoxalin-2-yl N-Me 201-204 (dec) 



MS (MHn 
409 
404 
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Examole 78 

one . 



Step A: 6-Chloro-sDirofchroman-2.4'>piperidinM'Qne hydrochloride . To a solution of 
V-ben2yl-6-chloro-spiro[chroman-2.4-piperidin]-4-one (300 mg, 0.88 mmol. Chem. 
Pharm, Bull. 1981, 29, 3494) in acetone (5 mL) at 0 X was added 1-chloroethyl 
chloroformate (0.29 mL, 2.64 mmol). This mixture was warmed to room temperature. 

10 stin-ed overnight, and concentrated. The residue was purified by flash column 

chromatography (10-^20% ethyl acetate/hexanes) to give the intennediate carbamate 
which was refluxed in methanol (3 mL) for 1 h. Evaporation of the reaction mixture 
provided 149 mg (59%) of the title compound of Example 78, Step A as a colorless 
solid. NMR (CD3OD. 250 MHz) 5 7.77 (d, 1H), 7.58 (dd, 1H). 7.15 (d, 1H), 3.33 

1 5 (buried. 4H). 2.90 (s. 2H). 2.46-2.20 (c. 2H). 2.04-1 .81 (c. 2H); MS (APCI) 252, 254 



Step B: (R)-r-r2-(1-Butvrvloxv-ethvlVDvrimidin-4-vn-6-chloro-spirofchroman-2.4* 
DiperidinM-one . To a solution of 6-chloro-spiro[chroman-2.4 -piperidin]-4-one 
hydrochloride (prepared according to the method of Example 78, Step A, 175 mg, 
20 0.61 mmol) in isopropanol (5 mL) was added (R)-1-(4-ch!oro-pyrimidin-2-yl)-ethyl 
butyrate (prepared according to the method of Preparation Seven, 160 mg. 0.70 
mmol) followed by triethylamine (0.29 mL. 2.1 mmol). This mixture was stin^ed at 
reflux for 1.5 h. concentrated, and purified by flash column chromatography (1% 
methanol/chlorofoma) to give 270 mg (100%) of the title compound of Example 78. 



25 Step B as a yellow oil. NMR (CDCI3. 400 MHz) 5 8.19 (d. 1H). 7.83 (d. 1H), 7.44 
(dd. 1H). 6.97 (d. IN). 6.37 (d. 1H). 5.64 (q. 1H). 4.18 (app s. 2H), 3.34 (t. 2H). 2J2 
(s. 2H). 2.37 (t. 2H). 2.10 (d. 2H). 1.71-1.60 (c. 4H), 1.55 (d. 3H). 0.94 (t. 3H); MS 
(APCI) 444. 446 (MH^ 




5 



OH 



(MH"). 
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Step C: (R)-6-Chloro-1'42-f1-hvdroxv-ethvlVpvrimidin-4-vn-SDirorchroman-2.4'> 
P(per:din1-4>one . A mixture of (R)-142-(1-butyryloxy-ethyl)-pyrimidin-4-yl]-6-chloro- 
spiro[chroman-2,4'-piperidin]-4-one (prepared according to the method of Example 
78, Step B, 270 mg, 0.61 mmol) and lithium hydroxide hydrate (80 mg, 1.83 mmol) in 
5 a 3: 1 : 1 mixture of tetrahydrofuran/methanol/water (5 mL) was stirred at room 

temperature for 1 .5 h. The organic solvents were evaporated and the residue was 
extracted with chloroform (4x). The combined organic extracts were dried over 
sodium sulfate, filtered, evaporated, and purified by flash column chromatography 
(ethyl acetate) to give 41 mg (18%) of the title compound as a reddish foam. NMR ' 
10 (CDCI3, 300 MHz) 5 8.19 (d, 1H), 7.82 (d. 1H), 7.44 (dd, 1H), 6.96 (d, 1H). 6.40 (d. 
1H). 4.65 (q, 1H), 4.20 (app s, 2H). 3.42-3.32 (c, 2H), 2.73 (s. 2H), 2.14 (d. 2H). 1.67 
(td. 2H), 1.48 (d, 3H); MS (APCI) 374, 376 (MH*); [a]o +12.6 (c 0.5. MeOH). 

Examples 79 to 85 

Examples 79 to 85 were prepared from the appropriate starting materials in a manner 
1 5 analogous to the method of Example 78. 
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402 


80 
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Examole 86 

fRV144-(2- MethvM-Dhenvl-5.8-dihvdro-6H-Dvridor3.4-dlpvrimidin>7-vlV^^ 
vn>ethanoL 



5 Step A: 7-Ben2vl-2-methvl-5.67.8-tetrahvdr(>3H->pvridor3.4-dlDvrimidin^-Qne . A 
solution of sodium ethoxide in ethanol was prepared by addition of sodium metal (5.7 
g. 247 mmol) to absolute ethanol (141 mL). After the sodium metal had all dissolved, 
ethyl 1-benzyl-3-oxo^-piperidine carboxylate hydrochloride (21 g, 70.5 mmol) was 
added followed by acetamidine hydrochloride (13.3 g. 141 mmol). This mixture was 

10 stin-ed at reflux for 1 h. cooled to room temperature, and concentrated. The residue 
was dissolved in a minimum amount of water and the pH was adjusted to about 7 with 
glacial acetic acid. The resulting yellow precipitate was filtered, washed with water 
(3x). air-dried for 2 h, then vacuum-dried overnight to provide 17.1 g (95%) of the title 
compound of Example 86, Step A as a yellow solid. NMR (CDCI3. 250 MHz) 5 

15 7.35-7.25 (c. 5H). 3.70 (s, 2H), 3.42 (s, 2H). 2.73-2.64 (c. 2H). 2.64-2.60 (c, 2H). 2.41 
(s, 3H); MS (APCI) 256 (MH*). 

SteoB: 7-Ben2vU-chloro2-methvl-5.8-dihvdro-6H-pvridor3.4-d1pvrimidine . 7- 
Benzyl-2-methyl-5.6.7.8-tetrahydro-3H-pyrido[3,4-d]pyrimidin-4-one (prepared 
according to the method of Example 86, Step A. 17.1 g, 67,0 mmol) was suspended in 

20 phosphorus oxychloride (66 mL. 335 mmol). This mixture was stin-ed at reflux for 1 h, 
cooled to room temperature, evaporated, then chased with toluene. The residue was 
carefully diluted with Ice/water/chloroform and the layers were separated. The 
aqueous phase was extracted with chloroform (3x) and the combined organic extracts 
were washed with saturated aqueous sodium bicarbonate (1x) and water (1x). dried 

25 over sodium sulfate, filtered, and evaporated to give the title compound of Example 
86, Step B as a brown oil that was used without purification in the next step. NMR 
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(CDCI3, 250 MHz) 5 7.36-7.23 (c, 5H), 3.73 (s. 2H), 3.63 (s. 2H). 2.63 (app s. 4H), 
2.36 (s, 3H); MS (APCI) 274, 276 (MH*). 

Step C: 7-Benzvl-2-methvl-4-Dhenvl-5.8-dihvdro-6H-Dvridof3.4Hj1pvrimidine . To a 
suspension of 1 ,4-diphenylphosphinobutane (1.43 g. 3.35 mmol) in toluene (50 mL) 
5 was added bis(benzonitrile)palladium(ll) chloride (1 .28 g, 3.35 mmol). This mixture 
was stirred for 25 min at room temperature, then was added to a suspension of 7- 
benzyl-4-chloro-2-methyl-5,8-dihydro-6H-pyrido[3,4-d]pyrimidine (prepared according 
to the method of Example 86, Step B, 67.0 mmol, assumed) and phenylboronic acid 
(10.6 g, 87.1 mmol) in a mixture of absolute ethanol (40 mL), toluene (175 mL). and 2 

1 0 N aqueous sodium carbonate (33.5 mL). This mixture was stirred at reflux for 6.5 h, 
cooled to room temperature and stiaed for -2.5 d, then filtered through a pad of 
Celite. The filtrate was concentrated and the residue was diluted with water and 
extracted with chlorofomi (3x). The combined organic extracts were dried over 
sodium sulfate, filtered, evaporated, and purified by flash column chromatography 

1 5 (45-^50% ethyl acetate/hexanes) to give 16.5 g (78%, two steps) of the title 

compound of Example 86, Step C as a yellow oil. NMR (CDCI3, 250 MHz) 5 7.57- 
7.54 (c. 2H). 7.48-7.24 (c, 8H), 3.71 (app s, 4H), 2.85 (t, 2H). 2.71-2.67 (c, 2H). 2.69 
. (s. 3H); MS (APCI) 316.(MH*). 

Step D: 2-Methvl-4-DhenvU5.8-dihvdro-6H-pvridof3,4Hjlpvrimidme . 7-Ben2yl-2- 
20 methyl-4-phenyl-5,8-dihydro-6H-pyrido[3,4-d]pyrimidine hydrochloride was formed in 
situ by addition of hydrogen chloride (1 .9 M in methanol, 31.1 mL, 51 .1 mmol) to a 
solution of 7-benzyl-2-methyl-4-phenyl-5,8-<lihydro-6H-pyrido[3,4-dlpyrimidine ' 
(prepared according to the method of Example 86, Step C, 16.5 g, 52,2 mmol) In 
methanol (75 mL). After stirring 10 min at room temperature, a precipitate formed, 
25 and another aliquot of methanol (1 00 mL) was added to obtain a homogeneous 
solution. To this mixture was added a slurry of 10% palladium on cartoon (3.3 g, 20 
wt%) in methanol followed by ammonium formate (16.5 g, 261 mmol). This mixture 
was stirred at reflux for 5 h, cooled to room temperature, and filtered through Celite. 
The filtrate was evaporated, diluted with saturated aqueous sodium bicarbonate, and 
30 extracted with chloroform (3x). The combined organic extracts were dried over 

sodium sulfate, filtered, evaporated, and purified by flash column chromatography (3% 
methanol/chlorofonn + 1% ammonium hydroxide) to give 6.7 g (57%) of the title 
compound of Example 86, Step D as an off-white solid and 2.4 g (19%) of 7-fom[Tyl-2- 
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methyl-4-phenyI-5,8-dihydro-6H-pyrido[3,4-d]pyrimidine as a yellow gum. Treatment 
of the 7-fomiyl byproduct with methanolic hydrogen chloride at room temperature 
overnight followed by aqueous workup and column chromatography provided an 
additional 1 .4 g (12%) of the title compound of Example 86, Step D, NMR (CDCI3. 
5 250 MHz) 5 7.55-7.40 (c. 5H). 4.09 (s, 2H), 3.05 (t, 2H), 2.75 (t. 2H), 2.79 (s. 3H); MS 
(APCI) 226 (MH*). 

Step E: (RV1-f4-f2-MethvM-phenvl-5.8-dihvdro-6H-pvridor3.4-d1pvrimidin-7-vlV 
pvrimidin-2-vn-ethvl butvrate. To a solution of 2-methyl-4-phenyl-5,8-dihydro-6H- 
pyrido[3,4-d]pyrimidine (prepared according to the method of Example 86. Step D, 6.8 

10 g. 30.0 mmol) in isopropanol (125 mL) was added (R)-H4-chloro-pyrimidin-2-yl)-ethyl 
butyrate (prepared according to the method of Preparation Seven, 6.8 g, 30 mmol) 
followed by triethylamine (12.5 mL, 89.9 mmol). This mixture was stirred at reflux for 
8 h. cooled to room temperature overnight, and evaporated. The residue was diluted 
with saturated aqueous sodium bicarbonate and extracted with ethyl acetate (3x). 

1 5 The combined organic extracts were dried over sodium sulfate, filtered, evaporated, 
and purified by flash column chromatography (2% methanol/ethyl acetate) to give 
1 1 .0 g (88%) of the title compound of Example 86. Step E, as a yellow oil. NMR 
(CDCI3, 250 MHz) 6 8.28 (d. 1H). 7.62-7.40 (c. 5H), 6.45 (d. 1H), 5.69 (q, 1H). 4.78 (s, 
2H). 3.93 (app s, 2H), 2.95 (t. 2H), 2.77 (s. 3H), 2.40 (t. 2H), 1.77-1.63 (c. 2H). 1.60 (d. 

20 3H). 0.98 (t. 3H); MS (APCI) 418 (MH^. 

Step F: fRV1-r4-(2-MethvM-phenvl-5.8Hjihvdro^H-Pvridor3.4-dlpvrimidfn-7-vlV 
pvrimidin-2-vn-ethanol . To a solution of (R)-1-[4-(2-methyl-4-phenyl-5,8-dihydro-6H- 
pyrido[3.4Ki]pyrimidin-7-yl)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the 
method of Example 86. Step E. 1 1 .0 g, 26.4 mmol) in dioxane (13 mL) was added 

25 concentrated hydrochloric acid (22 mL, 264 mmol). This mixture was stirred at room 
temperature ovemight, cooled to 0 ""C, neutralized via slow addition of 6 N aqueous 
sodium hydroxide, and extracted with ethyl acetate (4x). The combined organic 
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash 
column chromatography (2->5% methanol/ethyi acetate) to give an oil which after 

30 tritration with hexanes provided 8.0 g (88%) of the title compound as a white solid, 
mp: 1 14-1 16 X; NMR (CD3OD. 250 MHz) 5 8.26 (d. 1H), 7.62-7.47 (c, 5H). 6.52 
(d, 1H). 4.79 (s, 2H). 4.66 (q, 1H). 4.24 (br s, 1H), 3.90-3.80 (c, 2H), 2.95 (t. 2H), Z70 
(s, 3H). 1.49 (d. 3H); MS (APCI) 348 (MH*). [ah +15.6 (c 1.0. MeOH). 
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Fyamples 87 to 100 
Examples 87 to 100 were prepared from the appropriate starting materials 
manner analogous to the method of Example 86. 
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(4-F)Ph 


Me 


55-58 


366 


95 


(4-CI)Ph 


H 




368, 370 


96 


OMe 


. .Me 




302 


97 


OPh 


Me 


156-158 


364 


98 


SPh 


Me 


103-105 


380 


99 


N-inddinyl 


Me 


128-131 


389 


100 


NMej 


Et 




329 



Example 101 

10 {^9-fiR-Hvdrovy-pthvlVPNmmi d in^-vn-2R.6S<iimRthvl-pipera^^ 
dihydrD-5H"Pyridor4.3><ilp yrimidin-6-vlVmethanone. 
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Step A: 4-OxoDiDeridine-1-carboxvlic acid tert>butvl ester . A mixture of 4-piperidone 
monohydrate hydrochloride (9.22 g, 60 mmol) and di-tert-butyl dicarbonate (10.9 g. 50 
mmol) in a 1:1 mixture of dichloromethane/saturated aqueous sodium bicarbonate 
5 (1 00 mL) was stirred at room temperature for 1 5.5 h. The layers were separated and 
the aqueous layer was extracted with chlorofomi (3x). The combined organic extracts 
were washed with 1 N aqueous phosphoric acid (3x), dried over sodium sulfate, 
filtered, and evaporated to give 10.0 g (100%) of the title compound of Example 101 . 
Step A as a white solid. NMR (CDCI3. 400 MHz) 5 3.70 (t. 4H). 2.42 (t. 4H). 1,47 
10 (S.9H). 

Step B: 3-Dimethvlaminomethvlene-4-oxo-Diperidine-1-carboxvlic acid tert-butvl 
ester . To a solution of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester (prepared 
according to the method of Example 101, Step A, 4.0 g, 20.0 mmol) in 
dimethylfomriamide (40 mL) was added tert-butoxybis(dimethylamino)methane (4.35 

1 5 mL. 22 mmol). This mixture was stirred at reflux for 15 h, cooled to room temperature, 
diluted with water, and extracted with ethyl acetate (5x). The combined organic 
extracts were washed with water (3x) and brine (1x). dried over sodium sulfate, 
filtered, and evaporated to give 3.64 g (72%) of the title compound of Example 101 , 
Step B as a brown oil that was sufficiently pure to carry on to the next step. NMR 

20 (CDCI3. 400 MHz) 5 7.47 (s. 1 H). 4.53 (s, 2H), 3.58 (t. 2H). 3.09 (s. 6H). 2.43 (t. 2H), 
1.46 (s, 9H); MS (APCI) 255 (MH^. 

Step C: 2-Phenvl-7.8-dihvdro-5H-pvridof4.3-dlDvrimidine-6-carfaoxvlic acid tert-butvl 
ester . A mixture of 3-dimethylaminomethylene-4-oxo-piperidine-1-carboxylic acid tert- 
butyl ester (prepared according to the method of Example 101, Step B, 509 mg, 2.0 
25 mmol), benzamidine hydrochloride hydrate (470 mg, 3.0 mmol), and sodium ethoxide 
(1 M in ethanol, 6.0 mL, 6.0 mmol) in absolute ethanol (4 mL) was heated to reflux for 
about 3 d, cooled to room temperature, and concentrated. The residue was diluted 
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with saturated aqueous sodium bicarbonate and extracted with chloroform {3x). The 
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (Biotage Flash 408'^. 10-»15% ethyl 
acetate/hexanes) to give 304 mg (49%) of the title compound of Example 101 . Step C 

5 as a yellow oil. NMR (CDCI3. 400 MHz) 5 8.52 (s. 1H). 8.40-8.38 (c, 2H). 7.50-7,44 
(c. 3H), 4.62 (s, 2H). 3.78 (t. 2H) 3.02 (t, 2H). 1 .50 (s. 9H): MS (APCI) 312 (MH^. 
Step D: 2-Phenvl-7.8-dihvdro-5H-DVridor4.3-dlpvrimidine hvdrochloride . To a solution 
of 2-phenyl-7,8-dihydro-5H-pyrido[4,3-d]pyrimidine-6-carboxylic acid tert-butyl ester 
(prepared according to the method of Example 101, Step C, 304 mg, 0.98 mmol) in 

10 ethyl acetate (2 mL) was added hydrogen chloride (2.5 M in ethyl acetate. 3.9 mL. 
9.76 mmol). This mixture was stin-ed at room temperature for 16 h and concentrated 
to give 256 mg (>100%) of the title compound of Example 101. Step D as a pale 
yellow solid. NMR (CD3OD. 400 MHz) 5 8.75 (s. 1H). 8.42-8.38 (c. 2H). 7.51-7.45 
(c. 3H), 4.48 (s. 2H), 3.68 (t, 2H) 3.35-3.25 (buried, 2H); MS (APCI) 212 (MM*). 

1 5 Step E: lR>r4-(4-Chlorocari3onvl-3R.5S-dimethvl-piperazin-1-vl)-Dvrimidin-2-vn-ethvl 
butvrate . To a solution of 1R-[4-(3R,5S-dimethyl-piperazin-1-yl)-pyrimidin-2-yQ-ethyl 
butyrate (prepared according to the method of Preparation Three. 1 .36 g, 4.44 mmol) . 
in dichloromethane (22 mL) at OX under nitrogen was added pyridine (0.36 mL, 4.44 
mmol) followed by triphosgene (883 mg. 2.97 mmol). This mixture was stirred with 

20 warming to room temperature for 1 .5 h and quenched with saturated aqueous sodium 
bicarbonate. The layers were separated and the aqueous phase was extracted with 
chlorofomi (3x). The combined organic extracts were dried over sodium sulfate, 
filtered, evaporated, and purified by flash column chronriatography (1->2% 
methanol/chlorofonn) to give 1.59 g (97%) of the tifle compound of Example 101, Step 

25 E as a brown oil, ^H NMR (CDCI3, 400 MHz) 5 8.23 (d. 1H). 6.39 (d. 1H). 5,66 (q. 1H). 
4.54^.47 (c, 2H), 4.35 (m, 1H). 4.25 (m. 1H). 3.20 (dt. 2H). 2.38 (t. 2H). 1.72-1,62 (c. 
2H). 1.56 (d. 3H). 1.31 (d. 3H). 1.30 (d. 3H), 0.95 (t. 3H); MS (APCI) 369. 371 (MH*). 
Step F: f4-f2-(1R-Hvdroxv-€thvn-Dvrimidin-4-vn-2R.6SHjimethvl-DiDerazin-1-vlV(2- 
phenvl-7.8-dihvdro-5H-Pvridor4.3-dlPvrimidin-6-vlVmethanone . A mixture of 2-phenyl- 

30 7,8-dihydro-5H-pyrido[4,3-d]pyrimidine hydrochloride (prepared according to the 
method of Example 101, Step D, 160 mg, 0.65 mmol), 1R-[4-(4-chlorocarbonyl- 
3R.5S-dimethyl-pipera2in-1-yl)-pyrimidin-2-yl]-€thyl butyrate (prepared according to 
ttie method of Example 101. Step E. 200 mg. 0.54 mmol), and triethylamine (0.19 mL. 
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1.36 mmol) in tetrahydrofuran (5 mL) was stirred at reflux for 3 h. cooled to room 
temperature overnight, and concentrated. The residue was diluted with a 4:1 mixture 
of methanol/water (5 mL) and lithium hydroxide hydrate (114 mg. 2.71 mmol) was 
added. This mixture was stirred for 2.5 h, concentrated, and partitioned between 
5 saturated aqueous sodium bicarbonate and chloroform. The layers were separated 
and the aqueous phase was extracted with 20% isopropanol/chloroform (3x). The 
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (2->5% methanol/chloroform) to give 183 
mg (71%) the title compound as a white foam. NMR (CDCI3. 400 MHz) 5 8.56 (s, 

10 1H). 8.41-8.39 (c. 2H). 8.20 (d. 1H), 7.50-7,46 (c. 3H). 6.38 (d. 1H). 4,71 (s, 2H). 4.69 
(m, 1H). 4.28 (d, 1H), 3.89 (U 2H) 3.83 (d. 2H). 3.60-3.56 (c, 2H). 3.46-3.39 (c. 2H), 
3.09 (t. 2H). 1.50 (d. 3H). 1.18 (d, 6H); MS (APCI) 212 (MH*); [a]o +6.1 (c 1.8. CHCI3). 

Examples 102 to 110 
Examples 102 to 110 were prepared from the appropriate starting materials in a 

1 5 manner analogous to the method of Example 101. 
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Example 




R^ 


R1. 


R" 


mp rc) 


MS (MH*) 


102 


quinolin-2-yl 


H 


3R-Me 


5S-Me 


172-174.5 


407 


103 


quinolin-3-yl 


H 


2R-Me 


6S-Me 




407 


104 


quinolin-4-yl 


H 


3R-Me 


5S-Me 




407 


105 


quinolin-6-yi 


H 


3R-Me 


5S-Me 




407 


106 


pyridin-3-yl- 
methyl 


pyridin-3- 
yl-methyl 


2R-Me 


6S-Me 




■ 462 


Example 


NR^^ 


R« 


R« 


R" 


mp ro 


MS (MH*) 


107 


2-amino-7,8-dihydro-5H- 
pyrido[4,3-cl]pyrimidin-6-yl 


2R-Me 


6S-Me 


225-228 


413 


108 


2-(1 -hydroxy-1 -methyl- 
ethyl)-7,8-dihydro-5H- 
pyrido[4.3-d]pyrimidin-6-yl 


2R-Me 


6S-Me 




456 


109 


5,7-dihydro- 
dibenzo[c,e]azepin-6-yl 


2R-Me 


6S-Me 




458 


110 


4-[2-(1 R-hydroxy-ethyl)- 
pyrimidin-4-yl]-3R,5S- 
dimethyl-piperazin-l -yl 


3R-Me 


5S-Me 




499 



5 Pxampl^m 

(EV1R-l4-f4-(2-Phenvl-ethenesulfonvlVDiDerazin-1-vl1-Dvrimidin-2-vl)-€thanol . 



HQ 




o , 

II 

S— N N 

!1 ^ 




•••Me 



V 
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Step A: (E )-1R4444>(2-PhenvUethenesulfonvlVpiperazin-1'Vn-Pvrimidin-2'^^^^ 
acetate . To a solution of (R)-1-[4-piperazin-1-yl)-pyrimidin-2-yl]-ethyl acetate 
(prepared according to the method of Preparation Two, 0.25 g, 1.0 mmol) and 
triethylamine (0.10 g, 1.0 mmol) in tetrahydrofuran (5 mL) was added (3- 
5 styrenesulfonyl chloride (0,21 g, 1.0 mmol) at ambient temperature and stirred for 1 h. 
The mixture was diluted with water and extracted twice with ethyl acetate. The extract 
was dried over magnesium sulfate, filtered, and the filtrate was concentrated to an oil, 
which was purified by flash chromatography (9:1 dichloromethane:methanol) to give 
the title compound of Example 1 1 1. Step A as an oil. 0.15 g (34%). NMR (CDCI3, 

10 300 MHz) 5 1.48 (d. 3H). 2.15 (s. 3H), 3.23 (m. 4H), 3.84 (m. 4H). 5.61 (q. 1H). 6.40 
(d. 1H). 6.65 (d. 1H). 7.39-7.52 (m. 6H). 8.21 (d. 1H); MS (TS) 417 (MH*). 
Step B: fE)-1R-l4-f4-f2-Phenvl-ethenesulfonvlVDiperazin>1-vlVpvrimidin-2-vlV^thanol . 
To a solution (E)-1R-{4-[4-(2-phenyl-ethenesulfonyl)-piperazin-1-yl]-pyrimidin-2-yl}- 
ethyl acetate (prepared according the method of Example 111. Step A, 0.14 g, 0,33 

15 mmol) in methanol (1 mL) was added at ambient temperature 6 N aqueous potassium 
hydroxide (0.25 mL). After stirring for 3 h, the solution was diluted with ethyl acetate 
and washed twice with water. The organic layer was separated, dried over 
magnesium sulfate, filtered, and the filtrate was concentrated to give the title 
compound as a white solid, 0.09 g (69%). 'H NMR (CDCI3, 300 MHz) 5 1.48 (d. 3H), 

20 3.23 (m. 4H). 3.84 (m. 4H), 4.20 (br s.1H). 4.71 (q. 1H). 6.40 (d. 1H). 6.65 (d. IN), 
7.39-7.52 (m. 6H). 8.21 (d. 1H); mp: 68-70 *C; MS (TS) 375 (MH*); [ak +20.9 (c 1.0. 
MeOH), 

Examples 112 and 113 
Examples 112 and 1 13 were prepared from the appropriate starting materials in a 
25 manner analogous to the method of Example 111. 
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'•••Me 



Example 



R^* R" mprc) 



MS (MH*) 



112 



(R)-Me (S)-Me isopropylsulfonyl 152-154 
(R)-Me (S).Me 1 -methyl-1 H-imidazoM- 1 57-1 58 

yl-sulfonyl 



343 



113 



381 



5 



Example 114 



1R44-r5-f4-Bromoben2enesulfonvlV2R.5S-dia2a-bicvclor2.2.11hept-2-vl]-Dvrimidin 
vIVethanol . 



10 Step A: 1R-f4-(2R.5S-Dia2a>bicvclof2.2.nhept-2-vlVpvrimidin-2-vn-ethvl butvrate . To 
a suspension of 2,5-cliaza-bicydo[2.2.1]heptane dihydrobromide (7.57 g. 88.0 mmol; 
Synthesis 1990. 10, 925) in dichloromethane (90 mL) was added 1,8- 
diazabicyclo[5.4.0]undec-7-ene (13.7 g. 90 mmol) and stin-ed until homogeneous. A 
solution of (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the 

15 method of Preparation Seven. 10.2 g. 45 mmol) in dichloromethane (10 mL) was 
added and stirred at reflux for 14 h. The mixture was filtered and washed with 
saturated aqueous sodium bicarbonate. The organic layer was dried over sodium 
sulfate and filtered. The filtrate was concentrated to obtain a crude product which was 
purified by flash chromatography (9:1->5:1 dichloromethane:methanol) to give the title 

20 compound of Example 1 14. Step A as an oil. 6.75 g (51 %). NMR (CDCI3, 300 



HO 
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MHz) 5 0.92 (t. 3H). 1.54 (d, 3H), 1.68-1.78 (m, 5H), 2.68 (t. 2H), 3.38 (m, 1H). 3.76 
(m. 3H), 4.42 (m, 1H). 5.35 (q, 1H). 6,16 (d, 1H). 8.12 (d, 1H); MS (CI) 291 (MH*). 
Step B: lR-M45-(4-BromobenzenesulfonvlV2R.5S-diaza-bicvclor2.2.11heDt-2-vn> 
pvrimidin-2-vlVethvl butvrate . To a solution of 1R-[4-(2R,5S-dia2a-bicyclo[2.2,1]hept- 
5 2-yl)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the nnethod of Example 1 14. 
Step A. 0.58 g. 2.0 mmol) and triethylamine (0.22 g, 2.2 mmol) in chlorofonm (10 mL) 
was added 4-bromoben2enesulfonyl chloride (0.56 g, 2.2 mmol) and stirred at 
ambient temperature for 16 h. The mixture was washed once with water, once with 
brine, dried over magnesium sulfate, filtered, and the filtrate was concentrated to give 
10 the title compound of Example 114. Step B as a clear oil, 0.92 g (90%). NMR 

(CDCI3. 300 MHz) 5 0.92 (t. 3H). 1.54 (d. 3H), 1.68-1.78 (m, 5H). 2.68 (t, 2H). 3.25 (m, 
1H). 3.46 (m. 3H). 4.28 (m. 1H). 5.25 (q. 1H), 6.16 (d. 1H), 7.58 -7.64 (m, 4H). 8.12 (d. 
1H);MS(C!)510(MHa 

Step C: 1R-(4-r5-f4-Bromobenzenesulfonvl)-2R.5S-diaza-bicvclor2.2.nheDt-2-vr]- 
1 5 pvrimidin-2-vl)-ethano! . To a solution of 1 R-{4-[5-(4-bromobenzenesulfonyl)-2R,5S- 
diaza-bicyclo[2.2.1]hept-2-yl]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the 
method of Example 114. Step B. 0.85 g. 1 .6 mmol) in a 2:1 mixture of 
tetrahydrofuranrmethanol (10 mL) was added at ambient temperature 6 N aqueous 
potassium hydroxide (1 mL). After stirring for 6 h the solution was diluted with 
20 dichloromethane and washed twice with water. The organic layer was separated, 
dried over magnesium sulfate, filtered, and the filtrate was concentrated to a viscous 
oil which was purified by flash chromatography (9:1 dichloromethane:methanol) to 
give the title compound as a white foam. 0.49 g (66%). 'H NMR (CDCI3. 300 MHz) 5 
1.54 (d. 3H), 1.68 (m. 2H). 1.78 (m. 1H). 3.25 (m, 1H). 3.46 (m. 3H). 4.28 (m. 1H). 
25 4.78 (q. 1H), 6.16 (d. 1H). 7.64 (m. 4H). 8.12 (d. 1H); mp: 83-88 °C; MS (CI) 440 
(MH*): [alo -49.2 (c 1.0. MeOH). 

Examples 115 to 120 
Examples 1 15 to 120 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 1 14. 
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Example 




mp(»C) 


MS (MH^) 


115 


4-chlorophenylsulfonyl 


83-88 


395. 397 


116 


2-thienylsulfonyl 


84-86 


367 


117 


2-(5-chlorothienyl)-sulfonyl 


62-64 


401,403 


118 


4-carboxamidoylphenyI-sulfonyl 


148-151 


404 


119 


4-(tert-butylphenyl)-sulfonyl 


72-75 


417 


120 


N,N-dimethylsulfamoyl 


110-111 


328 



5 Example 121 

|4-f4.fPvrrolidine-1-sulfonvlVDiperazin-1-vn-D\mmidin-2-vlVm 




Step A: 2-Methoxvmeth vl-4-f4-(Dvrrolidine-1 -sulfonvl Vpiperazin-I -vn-Dvrimidine , To a 
solution of 2-methoxymethyl-4-piperazin-1-yl-pyrimidine (prepared according to the 

10 method of Preparation One, 2.08 g. 10 mmol) and triethylamine (1.01 g. 10 mmol) in 
tetrahydrofuran (20 mL) was added N-pyn-olidinesulfonyl chloride (1.69 g. 10 mmol) at 
0 ''C and stirred for 3 h at ambient temperature. The mixture was diluted with ethyl 
acetate and washed twice with water. The organic layer was separated, dried over 
magnesium sulfate, filtered, and the filtrate was concentrated to an oil which was 

1 5 purified by flash chromatography (95:5 dichloromethaneimethanol) to give the title 
compound of Example 121, Step A as a clear oil, 3.24 g (93%). NMR (CDCI3, 300 
MHz) 5 1.8M.85 (m. 4H). 3.12-3.18 (m. 8H), 3.59 (s. 3H). 3.81(m, 4HX 4.43 (s, 2H). 
6.71 (d. 1H). 8.18 (d. 1H); MS (TS) 342 (MH^ 
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Step B: {4-f4-(Pvrrolidine-1-sulfonvn-DiDerazin-1-vn-Pvrimidin-2-vl>-methanol . To a 
solution of 2-methoxymethyl-4-f4-(pyiT0lidine-1-sulfonyl)-pipera2in-1-yl]-pyrimidine 
(prepared according to the method of Example 121, Step A, 3.1 g, 9.4 mmol) in 
dichloromethane (47 mL) was added boron tribromide (1 M in dichloromethane, 19 
5 mL, 18.7 mmol) at 0 "C then stirred at ambient temperature for 2 h. The mixture was 
washed twice with saturated aqueous sodium bicarbonate, and the organic layer was 
separated, dried over magnesium sulfate, filtered, and the filtrate was concentrated to 
give an oil which was crystallized from isopropyl ether to give the title compound as a 
white solid. 2.43 g (77%). 'H NMR (CDCI3, 300 MHz) 8 1.82 (m. 4H). 3.15 (m, 8H). 
10 3.81 (m, 4H). 4.35 (d, 2H). 4.83 (t. 1H), 6.71 (d. 1H), 8.18 (d. 1H); mp: 128-131 »C; 
MS (CI) 328 (MH*). 

Examples 122 to 125 
Examples 122 to 125 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 121. 

15 



N 




Example 



mp (»C) MS (MH*) 



122 CH2OH 

123 CH2OH 

124 (R)-CH(Me)OH 

125 (R)-CH(Me)OH 



2,5-dimethyipyrrolidin-1 - 
ylsulfonyl 
piperidin-1 -ylsulfonyl 
aza-bicycIo[3.2. 1]octan-8- 

ylsulfonyl 
aza-bicyclo[3.2. 1 ]octan-3- 
one-8-yl-sulfonyl 



128-131 356 

141-142 342 

111-112 382 

113-114 396 



20 Example 126 

(FVl44-r2-nR-Hvdroxv-ethvn-Dvrimidin^vn-DiDerazin-1-vlV2-methvl-3-phenvl- 
propenone . 
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Step A: (E)-1R-f4-r4-f2-MethvU3-p henvl.acrvlovl)-DiDera2in-1-vl1-Dvrimidin-?-yl)-ftthYi 
a£g^. To a solution of (R)-1-(4-piperazin-1-yl-pyrimidin-2-yl)-ethyl acetate 
(prepared according to the method of Preparation Two. 0.54 g. 2.1 mmol) and a- 
5 methylcinnamic add (0.34 g. 2.1 mmol) in dichloromethane (1 0 mL) was added 1- 
hydroxybenzotriazole (0.50 g. 3.6 mmol) followed by 1-(3-dimethyiaminopropyl)-3- 
ethylcarbodiimide hydrochloride (0.45 g, 2.4 mmol) at ambient temperature and stirred 
for 48 h. The mixture was washed once with water, once with saturated aqueous 
sodium chloride, dried over magnesium sulfate, filtered, and the filtrate was 

1 0 concentrated to an oil which was purified by flash chromatography (9:1 

dichloromethane:methanol) to give the title compound of Example 126, Step A as a 
clear viscous oil, 0.53 g (63%). NMR (CDCI3. 300 MHz) 5 1.51 (d, 3H). 2.14 (s, 
3H). 2.18 (s. 3H), 3.75 (m. 8H). 5.68 (q. 1H), 6.41 (d. 1H). 6.59 (s, 1H), 7.25-7.43 (m, 
5H), 8.23 (d. 1 H); MS (CI) 395 (MH*); [afc +38.6 (c 1 .0. MeOH). 

1 5 Step B: (EV1-(4-r2-nR-Hvdroxv.^»th v|^-Dvrimidin~d.vll-piDeraan-1.vlV2-methvl-'^. 
phenyl-propenone. To a solution of (E)-1R-{4-[4-(2-methyl-3-phenyl-acryloyl)- 
piperazin-1-yQ-pyrimidin-2-yl^ethyl acetate (prepared according to the method of 
Example 126, Step A, 0.51 g, 1.3mmol) in methanol (5 mL) was added at ambient 
temperature 6 N aqueous potassium hydroxide (1 mL). After stimng for 1 h the 

20 solution was diluted with ethyl acetate and washed twice with water. The organic 
layer was separated, dried over magnesium sulfate, filtered, and the filtrate was 
concentrated to give the title compound as a white solid. 0.25 g (55%). 'H NMR 
(CDCI3. 300 MHz) 5 1 .51 (d, 3H), 2.14 (s. 3H), 3.75 (m. 8H). 4.22 (br s. 1H), 4.71 (q. 
1H). 6.41 (d, 1H). 6.59 (s, 1H), 7.25-7.43 (m. 5H). 8.23 (d, IH); mp: 119-121 »C; MS 

25 (CI) 353 (MH*); [a]o +16.0 (c 1 .0. MeOH). 

Examples 127 tn19^ 
Examples 127 to 129 were prepared from the appropriate starting materials in a 
nrjanner analogous to the method of Example 126. 
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5 



Example 




R' 


R' mp ("C) 


MS (MH*) 


127 


thien-2-yl 


H 


H 104-106 


345 


128 


thien-2-yl 


(R)-Me 


(S)-Me 69-73 


373 








HO 
























Example 




At' 


rnpfC) 


MS (MH*) 


129 


4-(o-tolylcarbamoyl)-phenyl 


98-103 


446 
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Example 1 30 



rEV3-Ben2ofuran-2-vl-1^4-f2-f1R-hvdroxv-ethvlVpvrimidin-4-vn--2R.6S-dimethvl- 
DiDerazin-l-vlVpropenone . 



5 Step A: (E)-1R44-f4-f3-Ben2ofuran-2-vl-acfvlovlV3R.5S-dimethvl-piperazin-1-vn- 
Dvrimidin-2-vlVethvl butvrate . To a solution of 1R-[4-(3R,5S-dimethyl-pipera2in-1-yl)- 
pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Preparation Three, 
0.79 g, 2.6 mmol) and triethylamine (0.26 g, 2.6 mmol) in dichloromethane (90 mL) 
was added (E)-3-ben2ofuran-2-yl-acryloyl chloride (0.54 g, 2.6 mmol) and stirred at 

10 ambient temperature for 16 h, then at reflux for 2.5 h. The mixture was washed 

successively with saturated aqueous sodium bicarbonate and water, and the organic 
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to 
obtain a crude product, which was purified by flash chromatography (9:1 
dichloromethane:methanoI) to give the title compound of Example 130, Step A as a 

15 viscous oil. 0.79 g (54%). NMR (CDCI3, 300 MHz) 6 0.95 (t, 3H), 1.40 (d, 6H), 1.56 
(d. 3H), 1.67 (q. 2H). 2.38 (t, 2H). 3.25 (d, 2H), 4.33 (m, 2H). 4.75 (m, 2H), 5.66 (q, 
1H). 5.95 (d, 1H), 6.40 (d. 1H). 7.14-7.37, (m. 5H). 8.06 (d, 1H). 8.22 (d, 1H); MS (CI) 
477 (MH*); [a]o +49.1 (c 1.0. MeOH). 

Step B: (EV3-Benzofuran-2-vl*1-(4-r2-(1R>hvdroxv-€thvlVpvrimidin-4-vn-2R.6S- 
20 dimethvl-piperazin-l-vD-propenone . To a solution of (E)-1 R-{4-[4-(3-benzofuran-2-yl- 
acryloyl)-3R,5S-dimethyl-piperazin-1 -yi]-pyrimidin-2-yl}-ethyl butyrate (prepared 
according to the method of Example 130, Step A, 0.51 g, 1.1 mmol) in methanol (5 
mL) was added at ambient temperature 6 N aqueous potassium hydroxide (1 mL). 
After stining for 1 h the solution was diluted with ethyl acetate and washed twice with 
25 water. The organic layer was separated, dried over magnesium sulfate, filtered, and 
the filtrate was concentrated to give the title compound as a white solid, 0.49 g (75%). 
NMR (CDCI3. 300 MHz) 6 1.40 (d. 6H). 1.56 (d. 3H). 3.25 (d, 2H). 4.33 (m. 2H). 
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4.75 (m. 2H). 4.68 (q, 1H), 5.95 (d. 1H). 6.40 (d. 1H). 7.14-7.37, (m. 5H). 8.06 (d. 1H). 
8.22 (d, 1H); mp: 80-82 °C; MS (CI) 407 (MH^; [ak +17.7 (c 1.0. MeOH). 



r:yrlnhpwl./4.f2-nR-hvdrQxv-ethvn-Dvrimidin-4 -vn-2R.6S-dimethvl-DiDerazin-1-vll- 
5 jnethanone . 



Step A: lR-r4-M-Cvdohexanecarbonvl-3R.5S-dimethvl-piDe razin-1-vlVDvrimidin-2- 
vll-ethvl butvrate . To a solution of 1R-[4-{3R.5S-dimethyl-piperazin-1-yl)-pyrimidin-2- 
yQ-ethyl butyrate (prepared according to the method of Preparation Three. 306 mg. 

10 1 .0 mmol) and triethylamine (230 nng. 1 .2 mmol) in dichloromethane (10 mL) was 
added at ambient temperature cyclohexanecarbonyl chloride (161 mg. 1.1 mmol). 
After 1 h the mixture was washed with water, and the dichloromethane layer was dried 
over magnesium sulfate and filtered. The filtrate was concentrated to give the title 
compound of Example 131. Step A as an oil, 388 mg (94%). NMR (CDCIj. 300 

1 5 MHz) 5 0.94 (t, 3H). 1 .2-1 .4 (m. 6H). 1 .54 (d. 3H). 1 .5-1 .83 (m. 1 2H), 2.44 (m. 3H). 
3.2-3.3 (m. 2H). 4.4-4.6 (m. 4H). 5.52 (q. 1H). 6.44 (d. 1H). 8.22 (d. 1H); MS (CI) 417 
(MH*). 

Step B: Cvclohexvl-f4-r2-nR-hvdroxv.ethvlVDvrimidin-4-vn-2R .6S-dimethvl-DiDerazin- 
1-vlVmethanone . To a solution of 1R-[4-(4-cyclohexanecarbonyl-3R.5S-dimethyl- 

20 piperazin-1 -yl)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of 

Example 131 . Step A 375 mg, 9.0 mmol) in methanol (5 mL) was added 6 N aqueous 
potassium hydroxide (0.5 mL) and stinred at ambient temperature for 4 h. The 
reaction mixture was concentrated, diluted with water, and extracted into 
dichloromethane. The extract was washed twice with water, dried over magnesium 

25 sulfate, and evaporated to an oil. The cmde product was crystallized from ethyl ether 
to give the title compound as a white solid, 106 mg (34%). NMR (CDCI,, 300 MHz) 
5 1.2-1.4 (m, 6H). 1.55 (d, 3H). 1.6-1.8 (m, 10H), 2.46 (m, 1H), 3.2-3.3 (m. 2H), 4.2- 



Example 1 31 




HO 
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4.6 (m, 4H), 4.78 (q, 1H), 6.43 (d, 1H), 8.22 (d. 1H); mp: 174-175 ^C; MS (CI) 
347(MH*); [a]o +18.4 (c 1.0, MeOH). 

Example 132 

Furor3.2-clPvridin-2-vl-(4-r2-(1R-hvdrQXV-ethvlVpvrimidin-4-vn-2R.6S-dimethvl- 
5 piperazin-l -vD-methanone . 




Me 



Step A: 7-Chloro-furof3.2-clPvridine-2-carboxvlic acid . To a solution of n-butyilithium 
(2.5 M in hexanes, 17 mL, g, 42.6 mmol) in anhydrous ethyl ether (90 mL) was added 
dropwise a solution of 4-chloro-furo[3.2-c]pyridine (5.81 g, 37.8 mmol; J. HeterocycL 

1 0 Chem. 1 975, 12, 705) in ethyl ether (85 mL) at -78 ""C under nitrogen atmosphere. 
This mixture was stirred for 1.5 h at -65 °C, poured onto dry ice (100 cc) and warmed 
to anibierit temperatyre and quenched into water. The separated organic layer was 
extracted once with water and the combined aqueous layers were acidified to pH 2 
with concentrated hydrochloric acid to give the title compound of Example 132, Step A 

15 as a white solid, 3.33 g (45%), NMR (CDCI3, 300 MHz) 5 7.69 (s. 1H). 7.85 (d. 1H). 
8.42 (d. 1H): mp: 233-235 °C (dec); MS (CI) 153 (MH*- CO2). 
Step B: 7-Chloro-furor3.2-clPvridine-2-carboxvlic acid chloride . 7-Chloro-furo[3,2- 
c]pyridine-2-carboxylic acid (prepared according to the method of Example 132. Step 
A, 8.94 g. 45.2 mmol) was combined with thionyl chloride (30 mL) and sodium 

20 carbonate (9.59 g, 90.5 mmol) and heated to reflux for 16 h under nitrogen 

atmosphere. The cooled mixture was diluted with dichloromethane and filtered. The 
filtrate was evaporated to give the title compound of Example 132. Step B as an 
orange oil, 9.19 g (94%). The acid chloride was used directly without further 
purification. 

25 Step C : lR44-r4-f4-Chloro-furof3.2-clpvridine-2-cart3onvl)-3R.5S-dimethvl-Dipera2in- 
1-vn-Pvrimidin-2-vll-ethv! butvrate . To a solution of 1R-I4-(3R,5S-dimethyl-piperazin- 
1-y|)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Preparation 
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Three, 13.04 g. 42.5 mmol) and triethylamine (8.61 g, 85.1 mmol) in dichloromethane 
(90 mL) was added 7-chloro-furo[3.2-c)pyridine-2-carboxylicacid chloride (prepared 
according to the method of Example 132. Step B, 9.1 g. 84.0 mmol) and stirred at 
ambient temperature for 2 h. The mixture was washed successively with saturated 

5 aqueous sodium bicarbonate and water, and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was concentrated to obtain a crude product which was 
purified by flash chromatography (9:1 dichloromethane:methanol) to give the title 
compound of Example 132, Step C as a viscous oil. 18.9 g (91%). NMR (CDCI,. 
300 MHz) 5 0.95 (t. 3H). 1.40 (d. 6H). 1.56 (d. 3H). 1.67 (m. 2H). 2.38 (t. 2H). 3.25 (d. 

10 2H). 4.33 (m. 2H). 4.75 (m. 2H), 5.66 (q. 1H). 6.40 (d. 1H). 7.33 (s. 1H), 7.41 (d. 1H). 
8.23 (d. 1H). 8.35 (d, 1H); MS (CI) 487 (MH*); [ah +33.3 (c 1.0. MeOH). 
Step D: lR-f4-f4-(Furof3.2-clPvridine-2-carbon yl)-3R 5S-dim6thvl-DiDerazin-1-vn- 
pvrimidin-2-vlV-ethvl butvrate . To a solution of 1R-{4-[4-(4-chloro-furo[3,2-c]pyridine-2- 
carbonyl)-3R.5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethyl butyrate (prepared 

15 according to the method of Example 132. Step C, 18.6 g. 38.4 mmol) in ethanol (160 
mL) was added sodium carbonate (4.07 g. 38.4 mmol) and 10% palladium on carbon 
(6.10 g, 33 vrt%). This mixture was hydrogenated at 50 psi hydrogen for 6 h using a 
Parr apparatus. The catalyst was filtered and the filtrate was evaporated to an oil 
which was purified by flash chromatography (9:1 dichloromethane:methanol) to give 

20 the title compound of Example 1 32. Step D as a yellow oil. 14.2 g (82%). 'H NMR 
(CDCI3. 300 MHz) 6 0.95 (t. 3H), 1.40 (d. 6H). 1.56 (d. 3H). 1.67 (q. 2H). 2.38 (t. 2H). 
3.25 (d. 2H). 4.33 (m, 2H). 4.75 (m. 2H). 5.68 (q. IN). 6.40 (d. 1H). 7.37 (s. IN). 7.48 
(d. 1H). 8.22 (d. 1H). 9.04 (s. 1H); MS (CI) 452 (MH*); [a]o +36.7 (c 1.0. MeOH). 
Step E: Furor3.2-clPvridin-2-vl44-r2-nR-hvdroxv -ethvn-Dvrimidin-4.vn-2R.6S- 

25 dimethvl-Diperazin-1-vlVmethanone . 1R-{4-[4-(Furo[3,2-c]pyridine-2-carbonyl)-3R,5S- 
dimethyl-piperazin-1-yI]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the 
method of Example 132. Step D. 5.48 g. 12.1 mmol) was combined with concentrated 
hydrochloric acid (15 mL) and stiaed at ambient temperature for 6 h. The mixture was 
poured into cold 6 M aqueous sodium hydroxide and extracted twice with ethyl 

30 acetate. The organic extract was washed once with water, dried over sodium sulfate 
and evaporated to a foam which crystallized from isopropyl ether to give the title 
compound as a white solid. 3.33 g (72%). ^H NMR (CDCI,. 300 MHz) 5 1 .43 (d. 6H). 
1.52 (d. 3H), 3.37 (m. 2H). 4.38 (m, 2H). 4.71 (q. 1H). 4.83 (m, 2H). 6.43 (d. 1H). 7.38 
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(s, 1H). 7,47 (m. 1H), 8.22 (m. 1H). 8.54 (d, 1H). 8.58 (d. 1H). 9.04 (s. 1H); mp: 142- 
143 X; MS (CI) 382 (MH*); [ah +15.9 (c 1.0, MeOH). 



(4-f2-(1R'HvdroxV"ethvlVpvrimidin-4-vlV2R.6S-dimethvl-DiDera2in-1'VlW^ 
5 vl-furof3.2-c1pvridin-2-vlVmethanone . 



A solution of 1 R-{4-[4--(4-chloro-furo[3.2-c]pyridine-2-carbonyl)-3R,5S-dimethyl- 
pipera2in-1-yI]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
Example 132. Step C, 0.046 g. 0.1 1 mmol) in pyn-olidine (0.037 mL. 0.44 mmol) was 
10 heated to reflux for 14 h and evaporated to give the title compound as a tan solid, 0.04 
g (80%). NMR (CDCI3, 300 MHz) 5 1.43 (d, 6H), 1.53 (d, 3H), 2.08 (m, 4H), 3.43 
(m, 2H). 3.77 (m. 4H), 4.43 (m, 2H), 4.71 (q, IH), 4.92 (m, 2H). 6.43 (d. 1H), 6.70 (d, 
1H), 7.60 (s, 1H), 8.08 (d,1H), 8.23 (d, IH^^^ 



Example 133 




Me 
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Fyamoles 134 tO 158 

Examples 140 and 142 to 158 were prepared from the appropriate starting materials 
in a manner analogous to the method of Example 131. Example 141 was prepared 
from the appropriate starting materials in a manner analogous to the method of 
5 Example 133. 




Example 


R" 


R« 


R" 


mp (°C) 


MS (MH*) 


134 


cydopropylcarbonyl 


2R-Me 


6S-Me 


110-111 


305 


135 


cydobutylcarbonyl 


2R-Me 


6S-Me 


134-135 


319 


136 


cydopentylcarbonyi 


2R-Me 


6S-Me 


199-200 


333 


137 


tert-butylcarbonyl 


2R-Me 


6S-Me 


168-169 


321 
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PyamnI 
9 


Ar* 




R" 




MS (MH^) 


1 OO 


ho n y of 1 1 ra n— 




UO IVIC 




wO 1 


1 


1 u r u [o py nu ii n^^y i 


H 

n 


n 


55-6S 






Turo[o , py nu i n'^^y i 


or\*ivie 






'^M 
oo^ 


141 


mo rp noi 1 n-4-y 1- 1 u ro[o 












cj py nu I n-^-y 1 










A AO 


ft tmfO ^-f*\rw/nMtna^O,m\A 

1 uroi^ , 0"Cjpy nu 1 nc*-fc*y 1 




UQ*IVIC 


190.1^1 

1 1 0 1 




I HO 


iiuiuuBi uijUiui di i*^"*yi 


H 


H 

n 








o*un luru uei i^^u ■ urs ■ i*^*y i 




tJw IVIC 


1 l*r" 1 lU 


4ic Any 




U| f *ulUl IIUi UUCI I^UIUIal 1 ^*yi 


^r\*ivic 








140 


0, 1 KiicnioroDenzoTuran-^-yi 


or\-ivie 


CO |U|a 




AKr\ AC,0 
40U, 40^ 




sj^'i II u UL/Bi i^wiui di 1 yi 




WW IVIw 






148 


5,7-dimethylben20furan-2-yl 


3R-Me 


5S-Me 


134-136 


409 


149 


5-methoxyben2ofuran-2-yl 


3R-Me 


5S-Me 


137-138 


411 


150 


5-methoxyben20furan-2-yl 


2R-Me 


6S-Me 


118-119 


411 


151 


imida20[1 ,2-a]pyridin-2-y| 


H 


H 


149-150 


353 


152 


imidazo[1 ,2-a]pyridin-2-yI 


3R-Me 


5S-Me 


171-173 


381 


153 


imida20[1 ,2-a]pyridin-2-yl 


2R-Me 


6S-Me 


147-149 


381 


154 


6-chloroimida2oI1 ,2- 


2R-Me 


6S-Me 


76-84 


416.418 




b]pyridazin-2*yl 










155 


6-methylimidazo[1 .2- 


3R-Me 


5S-Me 


164-165 


395 




a]pyridin-2-yI 










156 


ben20xa20l-2-yl 


2R-Me 


6S-Me 


126-127 


382 


157 


4-cyanophenyl 


2R-Me 


6S-Me 


90t.100 


366 


158 


6-hydroxy-pyridazin-3-yl 


2R-Me 


6S-Me 




359 
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Examole 159 

1 -(4-r2-n R-Hvdroxv-ethvl>-Dvrimidin-4-vn-2R.6S-dimeth vl-piDerazin-1 -vl)-2-r6- 
methvl-Dvridin-3-vloxv)-ethanone . 

Me'-\ Me N- 

OH . Me 

o 

step A: lR-r4-(4-Chloroacetvl-3R.5SKiimethvl-piperazin-1-vlVpvrimidin-2-vn-et^^^ 
butvrate . To a solution of 1 R-[4-(3R,5S<limemyl-piperazin-1-yl)-pyiimidin-2-yl)-€thyl 
butyrate (prepared according to the method of Preparation Three. 9.69 g, 31 .3 mmol) 
and triethylamine (4.74 g, 46.9 mmol) in chloroform (150 mL) was added dropwise 

10 chloroacetyl chloride (3.00 mL, 37.6 mmol) at 0 then stin-ed at ambient temperature 
for 12 h under nitrogen atmosphere. The mixture was washed successively with 
saturated aqueous sodium bicarbonate and water, and the organic layer was dried 
over sodium sulfate, treated with activated carbon, and filtered. The filtrate was 
concentrated to obtain an oil which was purified by flash chromatography (9:1 

15 dichloromethaneimethanol) to give the title compound of Example 1 59, Step A as an 
oil. 8.98 g (75%). NMR (CDCI3. 300 MHz) 6 0.96 (d. 3H). 1.32 (d. 6H). 1.59 (d, 
3H), 1.71 (m, 2H). 2.40 (t. 2H). 3.28 (m. 2H). 4.28 (s. 2H), 4.35 (m. 4H). 5.68 (q. 1H). 
6.41 (d. 1H), 8.23 (d, 1H); MS (CI) 383, 385 (MH"). 

Step B: 1R-(443R.5S-Dimethvl-4-rf6-methvl-pvridin-3'VloxvVacetvn-DiDerazin-1-vlV 
20 pvrimidin-2-vn-ethvl butvrate . To a suspension of sodium hydride (60% dispersion in 
oil, 0.05 g. 1 .3 mmol) in tetrahydrofuran (2 mL) was added a solution of 6-methyl-3- 
pyridino! (0.14 g. 1.3 mmol) in tetrahydrofuran (3 mL) at 0 under nitrogen 
atmosphere and stirred for 0.5 h wanning to ambient temperature. Next, a solution of 
1 R.[4-(4-chloroacetyl-3R,5R-dimethyl-piperazin-1-yl)-pyrimidin-2-yI]-ethyl butyrate 
25 (prepared according to the method of Example 1 59, Step A. 0.40 g, 1 .1 mmol) in 

tetrahydrofuran (2 mL) was added and refluxed for 1 h. The mixture was diluted with 
dichloromethane and washed with saturated aqueous sodium bicartDonate, dried over 
sodium sulfate and filtered. The filtrate was evaporated to an oil which was purified by 
flash chromatography (9:1 dichloromethane:methanol) to give the title compound of 
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Example 159. Step B as an oil. 0.31 g (66%). NMR {CDCI3. 300 MHz) 8 0.96 (d. 
3H). 1.32 (d. 6H). 1.59 (d, 3H). 1.71 (m. 2H). 2.40 (t 2H), 2.46 (s. 3H). 3.28 (m. 2H). 
3.78 (s. 2H). 4.35 (m, 4H), 5.68 (q. 1H). 6.41 (d. 1H). 6.83 (m. 1H). 7.14 (m, 1H). 8,08. 
(d. 1H). 8.23 (d. 1H); MS (CI) 456 (MH*). 
5 Step C: M4-r2-(1R-Hvdroxv-ethvlVpvrimldin-4-vl1-2R.6S-dimethvl>pipera2in-1-vft^^^ 
f6-methvl-pvridin-3-vloxv)-ethanone . 1 R-(4-{3R,5S-Dimethyl-4-[{6-methyl-pyridin-3- 
yloxy)-acetyl]-pipera2in-1-yl}-pyrimidin-2-yl)-ethyl butyrate (prepared according to the 
method of Example 159, Step B. 0.30 g. 0.65 mmol) was combined with concentrated 
hydrochloric acid (3 mL) and stirred at ambient temperature for 6 h. The mixture was 

10 neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl 
acetate. The organic extract was washed once with water, dried over sodium sulfate 
and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dichloromethaneimethanol) to give the title compound as a white 
foam. 0.14 g (55%). NMR (CDCIa, 300 MHz) 5 1.38 (d. 6H). 1.55 (d. 3H). 2.46 (s. 

15 3H), 3.28 (m. 2H), 3.76 (s. 2H). 4.35-4.65 (m, 4H). 4.67 (q. 1H). 6.38 (d. 1H), 6.83 (m. 
1H). 7.11 (m. 1H), 8.08. (d. 1H). 8.21 (d. IN); mp: 55-65 ^'C; MS (CI) 330 (MH*); [a]o 
+16.0(c1.0,MeOH). 



144-f2-f1R"Hvdroxv-ethvlVpvrimidin'4-vn-2R.6S-dimethvl'Piperazin-1-vll-2-(pvrimidin- 
20 2-vlsulfanvlVethanone . 



Example 160 was prepared from the appropriate starting materials In a manner 
analogous to example 159. 'H NMR (CDCI3, 300 MHz) 6 1.38 (m, 6H). 1.48 (d. 3H), 
3.28 (m. 2H), 3.96 (s, 2H). 4.35 (m, 4H). 4.65^.97 (m, 3H). 6,28 (d. 1H), 6.93 (m, 1H). 
25 7.11 (m. 1H), 8.21 (d. 1H). 8.45. (m. 2H); mp: 60-70 <*C; MS (CI) 389 (MH*); Ia]o +16.8 
(c1,0. MeOH). 



Example 160 




Me 
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4-r2-f 1 R-HvdroxV'-ethvn-pvrimidin>4-vn-2R.6S-dimethvl-piDera2ine-1 -carboxvlic acid 
phenyl ester . 

HO 

A — \ Me V'-»Me 

Me 

5 Step A: 4-r2-f1R-Butvrvloxv-ethvl)-pvrimidin-4-vn-2R,6S-dimethvl-piDerazine-1- 
carfaoxvlic acid phenyl ester . To a solution of 1R-[4-(3R,5S-dimethyl-piperazin-1-yl)- 
pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Preparation Three, 
0.30 g, 0.98 mmol) and triethylamine (0.20 g. 1.9 mmol) in dichloromethane (5 mL) 
was added phenyl chlorofonnate (0.76 g, 4.8 mmol) and stirred at ambient 

10 temperature for 2 h under nitrogen atmosphere. The mixture was washed 

successively with saturated aqueous sodium bicarbonate and water, and the organic 
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to 
obtain an oil which was purified by flash chromatography (9:1 
dichloromethane:methanol) to give the title compound of Example 161 , Step A as an 

15 oil, 0.35 g (84%). NMR (CDCI3, 300 MHz) 5 0.96 (d. 3H), 1.32 (d. 6H). 1.59 (d, 
3H), 1.71 (q, 2H), 2.40 (t. 2H), 3.28 (m. 2H), 4.35 (m, 4H). 5.68 (q, 1H), 6.41 (d, 1H), 
7.12 (d. 2H), 7.22 (m. 1H), 7.35 (m. 2H). 8.23 (d. 1H); MS (CI) 427 (MH*); [a]o +39.6 
(cl.O. MeOH). 

Step B: 442-( 1 R-Hvdroxv-ethylVpyrimidin^-yn-2R.6S-dimethyl-piperazine-1- 
20 caripoxvlic acid phenyl ester . 4-[2-(1R-Butyryloxy-ethyl)-pyrimidin^-yl]-2R,6S- 

dimethyl-piperazine-1-cartDOxylic acid phenyl ester (prepared according to the method 
of Example 161 , Step A, 0.31 g, 0.70 mmol) was combined with concentrated 
hydrochloric acid (5 mL) and stirred at ambient temperature for 6 h. The mixture was 
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice v/ith ethyl 
25 acetate. The organic extract was washed once with water, dried over sodium sulfate 
and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dichloromethane:methanol) to give the title compound as a white 
solid. 0,12 g (81%). NMR (CDCI3. 300 MHz) 5 1.41 (d. 6H). 1.51 (d. 3H). 3.34 (m, 
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2H), 4.43 (m, 2H). 4.52 (m. 2H). 4.71 (q. 1H). 6.46 (d, 1H). 7.12 (m, 2H), 7.23 (m, 1H). 
7.35 (m. 2H), 8.23 (d, IH); MS (CI) 357 (MH*); [ah +16.9 (c 1.0. MeOH). 



4-f2-( 1 R-Hvdroxv-ethvlVDvrimidin-4-vn-2R.6S-dimethvl-piperazine-1-carboxvlic acid 
5 pvridin>3-vl ester . 



Step A: 4-r2-f 1 R-Hvdroxv-ethvn-Dvrimidin-4-vll-2R.6S-dimethvl-piperazine-1 -carfaonvl 
chloride . To a solution of 1R-[4-(3R,5SHjimethyl-piperazin-1-yl)-pyrirnidin-2-yl]-ethyl 
butyrate (prepared according to the method of Preparation Three. 3.61 . 1 1 .8 mmol) 

10 and pyridine (0.93 g. 1 1 .8 mmol) in dichloromethane (50 mL) was added triphosgene 
(1.17 g, 3.9 mmol) and stinred at ambient temperature for 16 h under nitrogen 
atmosphere. The mixture was washed successively with saturated aqueous sodium 
bicarbonate and water, and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was concentrated to obtain an oil which was purified by flash 

1 5 chromatography (ethyl acetate) to give the title compound of Example 162. Step A as 
a yellow oil, 2.12 g. (51%). NMR (CDCI3. 300 MHz) 8 0.90 (t. 3H). 1,31 (d, 6H). 
1.56 (d. 3H). 1.68 (m. 2H). 2.38 (t, 2H), 3.21 (m. 2H), 3.88-4.40 (m. 4H). 5.66 (q, IH). 
6.43 (d, IH). 8.22 (d. IH); MS (CI) 369. 371 (MH*). 

Step B: (4-r2-f 1 R-Butvrvloxv-ethvlVpvrimidin-4-vn-2R.6S-dimethvl-piperazineV1' 
20 carboxvlic acid pvridin-3-vl ester . To a suspension of sodium hydride (60% dispersion 
in oil, 0.046 g. 1.15 mmol) in anhydrous tetrahydrofuran (8 mL) was added 3- 
hydroxypyridine (0.1 1 g, 1 .15 mmol) at 0 **C. After a homogeneous solution was 
obtained, a solution of 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl- 
piperazine-1-cari3onyt chloride (prepared according to the method of Example 162, 
25 Step A, 0.36 g, 0.96 mmol) in tetrahydrofuran (3 mL) was added at 0 •"C and this 
mixture was warmed to ambient temperature, then heated to reflux for 6 h. The 
mixture was quenched in water and extracted twice with ethyl acetate. The combined 
organic layers were dried over sodium sulfate and filtered. The filtrate was 



Example 162 
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concentrated to obtain an oil, which was purified by flash chromatography (ethyl 
acetate) to give the title compound of Example 162, Step B as a semi-solid, 0.31 g 
(78%). NMR (CDCI3. 300 MHz) 5 0.90 (t. 3H), 1.35 (m. 6H), 1.61 (d. 3H). 1.69 (m, 
2H), 2.41 (t. 2H). 3.30 (m. 2H). 4.11-4.38 (m, 4H). 5.69 (q, 1H). 6.41 (d. 1H). 7.32 (m. 
5 1H), 7.52 (m, 1H), 8.22 (d. 1H). 8.46 (s, 1H). 8.48. (d, 1H): MS (CI) 428 (MH^. 
Step C: 4>f2-nR'Hvdroxv-ethvlVDvrimidin^-vlV2R.6SHjimethvl-piperazine-1'' 
carboxvlic add Dvridin>3-vl ester . {4-[2-(1 R-Butyryloxy-ethyl)-pyrimidin-4-yl]-2R.6S- 
dimethyl-pipera2ine}-1-carboxylic acid pyridin-3-yl ester (prepared according to the 
method of Example 162. Step B, 0.31 g. 0.70 mmol) was combined with concentrated 

10 hydrochloric acid (5 mL) and stirred at ambient temperature for 6 h. The mixture was 
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl 
acetate. The extract was washed once with water, dried over sodium sulfate and 
filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dichloromethaneimethanol) to give the title compound as a white 

15 solid. 0.12 g (81%). NMR (CDCI3. 300 MHz) 5 1.41 (d. 6H). 1.51 (d. 3H). 3.33 (m. 
2H). 4.25-4.45 (m. 4H), 4.71 (q. 1H). 6.43 (d. 1H), 7.33 (m. 1H). 7.56 (m, 1H), 8.23 (d. 
1H). 8.25 (d. 1H). 8.48 (d. 1H); MS (CI) 358 (MH^); [a]o +18,5 (c 1.0. MeOH). 

Example 163 

4-r2-f 1 R>HvdroxV'ethvn-pvrimidin-4-vn-2R-Dhenvl-piDerazine-1 -carboxvlic acid 
20 pvridin-3-vl ester . 



HO 




Step A: 1R-r4-(3R-Phenvl-piperazin'1-vlVpvrimidtn-2-vn-ethvl butvrate . To a solution 
of (R)-2-phenylpiperazine (0.48 g. 3.0 mmol, Indian J. Chem. Sect, B 1994, 33, 285) 
and triethylamine (1.21 g, 12,0 mmol) in tetrahydrofuran (10 mL) was added (R)-1-(4- 
25 chloropyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation 
Seven. 0.68 g, 3.0 mmol) and stin-ed at ambient temperature for 18 h. The mixture 
was poured into saturated aqueous sodium bicarbonate and extracted with ethyl 
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acetate. The combined organic layer was dried over sodium sulfate and filtered. The 
filtrate was concentrated to obtain a crude product which was purified by flash 
chromatography (95:5 dichloronnethane:methanol) to give the title compound of 
Example 163. Step A as a viscous oil. 0.70 g (67%). NMR (CDCij. 300 MHz) 5 
0.95 (t. 3H). 1.56 (d. 3H), 1.67 (m. 2H). 2.40 (t. 2H). 3.55 (m. 2H). 4.0 (m. 2H). 4.32 
(m. 2H). 4.70 (m. 1H). 5.69 (q, 1H). 6.49 (d. 1H). 7.40 (m. 5H). 8.21 (d. 1H); MS (CI) 
355 (MH*). 

Step B: 4-f2-( 1 R-ButVfvloxv-ethvlVr>vrimidin^-vn-2 R-Dhenvl-pinerazine-1 -carhnwlir 
add pvridin-3-yl ester. To a solution 1R-[4-(3R-phenyl-plpera2ln-1-yl)-pyrimidin-2-yO- 
ethyl butyrate (prepared according to the method of Example 163, Step A, 0.22 g. 0.6 
mmol) and tnethylamine (0.31 g, 3.1 mmol) in toluene (5 mL) was added dipyridin-3.yl 
carbonate (0.67 g. 3.1 mmol) and heated to reflux for 3 h. The mixture was poured 
into saturated aqueous sodium bicarbonate, the organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined organic layers were 
dried over sodium sulfate and filtered. The filtrate was concentrated to obtain a cnide 
product which was purified by flash chromatography (9:1 dichloromethane:methanol) 
to give the title compound of Example 163. Step B as a yellow oil. 0.22 g (73%). MS 
(CI) 476 (MH*). 

^' R-Hvdroxy-ethvl >-pyrimldin-4 .vn-2R.phenvl-DiDera?ine-1 ^.arhnvY lir 

ad0 pvridin-3-yl ester. 4-[2-(1 R-Butyryloxy-ethyl)-pyrimidln-4-yl]-2R-phenyl- 
piperazine-1-carboxylic add pyridin-3-yI ester (prepared according to the method of 
Example 163, Step B, 0.21 g, 0.44 mmol) was combined with concentrated 
hydrochloric add (2 mL) and stin-ed at ambient temperature for 6 h. The mixture was 
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl 
acetate. The combined extracts were washed once with water, dried over sodium 
sulfate and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dichloromethane:methanol) to give the title compound as a white 
solid, 0.13 g (73%). 'H NMR (CDCI3. 300 MHz) 6 1 .55 (d. 3H). 3.55 (m. 2H). 4.0 (m. 
2H), 4.32 (m. 2H), 4.71 (m, 1H), 4.75 (q, 1H), 6.40 (d. 1H). 7.18-7.41 (m. 7H). 8.24 (d. 
1H). 8.35 (br s, 1H). 8.45 (d. 1H); MS (CI) 406 (MH*). 

Examples 164 to 173 
Examples 164 to 173 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 163. 
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Example 




R* 




mp(»C) 


MS (MH") 


164 


3R-Me 


5S-Me 


phenyl 




357 


165 


3R-Me 


5S-Me 


2-methyl-pyridin-3-yl 


65-75 


372 


166 


H 


H 


pyridin-3-yi 


107-110 


330 


167 


3R-Me 


5S-Me 


2-chloro-pyridin-3-yl 


60-70 


392. 394 


168 


3R-Me 


5S-Me 


5-chloro-pyridin-3-yl 


65-69 


392. 394 


169 


3R-Me 


5S-Me 


isoquinolin-5-yl 


60-70 


407 


170 


3R-Me 


5S-Me 


4-chloro-pyridin-3-yl 


60-70 


392, 394 


171 


3R-Me 


5S-Me 


6-methyl-pyridin-3-yl 


60-70 


372 


172 


2RS- 


H 


pyridin-3-yl 




388 




CHjOMe 










173 


2RS-C02Et 


H 


pyridin-3-yl 




402 



5 

Example 174 

f R^^.Benzvl-1 -\2-( 1 .hvdrQXV-eth\ />Vnvrimidin-4-vn-DiDeridin-4-ol. 




Step A: f RV1 -r4-f4-Benzvl-4-hvdrnxv-piDeridin-1 -vl Vpyrimid in-P-vn-ethvl acetate. To 
1 0 a solution of 4-benzyl-4-hydroxypiperidine (0.95 g, 5.0 mmol) and triethylamine (0.51 
g, 5.0 mmol) in dichloromethane (10 mL) was added (R)-1-(4-methanesulfonyloxy- 
pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation Eight. 
1 .23 g, 4.0 mmol) and stinred at ambient temperature for 18 h. The mixture was 
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washed once with water, once with saturated aqueous sodium chloride and the 
organic iayer was dried over sodiunn sulfate and filtered. The filtrate was evaporated 
to an oil which was purified by flash chromatography (95:5 
dichloromethane.-methanol) to give the title compound of Example 174, Step A as a 

5 viscous oil. 0.99 g (52%). 'H NMR (CDCI3. 300 MHz) 6 0.95 (t. 3H). 1 .53 (d. 3H), 
1.65-1.78 (m. 4H). 1 .88 (m. 2H). 2.08 (m. 2H). 2.48 (t. 2H). 3.45 (m. 2H). 4.42 (br s, 
1H). 5.68 (q. 1H). 6.41 (d. 1H). 7.30-7.48 (m, 5H), 8.18 (d, 1H); MS (CI) 384 (f^H*). 
Step B: fR'>-4-Benzvl-1 -r2-f 1 •hvdrnxv-ethvlVDvri midin-4-vn-piDeridin-4-ol. To a 
solution of (R)-1-[4-(4-benzyl-4-hydroxy-piperidin-1-yl)-pyrimidin-2-yi]-ethyl butyrate 

10 (prepared according to the method of Example 174, Step A, 0.20 g. 0.52 mmol) in 
methanol (5 mL) was added 1 N aqueous sodium hydroxide (1 mL) and stin-ed for 4 h 
at ambient temperature. The mixture was diluted with dichloromethane and washed 
once with water, once with saturated aqueous sodium chloride and the organic layer 
was dried over sodium sulfate and filtered. The filtrate was evaporated to give the title 

15 compound as a foam, 0.12 g (68%). 'H NMR (CDCI3, 300 MHz) 6 1 .49 (d, 3H). 1 .74 
(br s. 2H). 1.82 (m, 2H). 2.08 (m. 2H), 3.42 (m. 2H). 4.42 (br s. 1H). 4.71 (q, IN), 6.43 
(d. 1H). 7.33-7.48 (m. 5H), 8.21 (d. 1H); MS (CI) 314 (MH*). 



Example 175 

fRM-Phenvl-1-r2-(1-hvdroxv-ethvn-Pvrimidin-4-v n-piDeridin-4-ol. 

HQ 



20 




Example 175 was prepared from the appropriate starting materials in a manner 
analogous to the method of Example 174. mp: 114 "C; MS (CI) 300 (MH*). 



Example 176 

f RV1 -i4-r4-f3-nhlorobenzvlideneVpiDeri din-1 -vn-Dvrimidin-2-vlVethanol. 




25 
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Step A: 1-f4-r3-ChlorobenzvlideneVp irpririine-1-vn-1-carboxvlic acid tert-butyl ester. 
To a suspension of 4-chlorobenzyltriphenylphosphonium chloride (4.23 g, 10.0 mmol) 
in tetrahydrofuran (40 mL) was added n-butyllithium in hexanes (2.5 M in hexanes, 4.4 
mU 1 1 .0 mmol) at 0 "C under nitrogen atmosphere and stirred 0.5 h. A solution of 4- 

5 oxo-piperidine-1 -carboxylic acid tert-butyl ester (prepared according to the method of 
Example 101. Step A. 1.99 g. 10.0 mmol) in tetrahydrofuran (10 mL) was added at 10- 
1 5 »C and wamned to ambient temperature. The mixture was evaporated to an oil 
which was purified by flash chromatography (9:1 hexanes:ethyl acetate) to give the 
title compound of Example 176, Step A as an oil. 2.63 g (85%). NMR (CDCIj. 300 

10 MHz) 5 1.39 (S. 9H). 2.48 (m. 2H). 2.57 (m. 2H). 3.68-3.82 (m, 4H). 6.36 (s. 1H). 7.08 
(m. 1H). 7.12-7.28 (m. 3 H); MS (CI) 308 (MH*). 

Step B: 4-f3-Chloro-benzvlideneVDiperidine hvdrochloride . To a solution of 1-[4-(3- 
chlorobenzylidene)-piperidine-1-yi]-1-carboxyiicacid tert-butyl ester (prepared 
according to the method of Example 176. Step A, 2.5 g, 8.1 mmol) in dichloromethane 

15 (20 mL) was added hydrogen chloride (4 M in dioxane, 4.0 mL, 16.0 mmol) at ambient 
temperature and stin-ed for4 h. The mixture was evaporated to dryness, suspended 
in ethyl ether and filtered to give the title compound of Example 176. Step B as a white 
solid. 1.63 g (82%). NMR (CDCIsADjO. 300 MHz) 5 2.48 (m, 2H), 2.57 (m. 2H). 
3.63 (m. 2H). 3.77 (m, 2H). 6.36 (s, 1H). 7.10 (m. 1H), 7.12-7.28 (m. 3H); mp: U7-I5i -c. 

20 Step C: rRV1-f4-f4-f3-Chloro-benzvlideneVDiperidin-1-vn- pvrimidin-2-vft-ethvl 

butvrate . To a solution of 4-(3-chlorobenzylidene)-piperidine hydrochloride (prepared 
according to the method of Example 176. Step B. 0.46 g. 2.0 mmol) and triethylamine 
(0.61 g, 6.0 mmol) in dichloromethane (10 mL) was added (R)-1-(4-chloropyrimidin-2- 
yl)-ethyl acetate (prepared according to the method of Preparation Five. 0.54 g, 2.2 

25 mmol) and stirred at ambient temperature for 12 h. The mixture was washed 

successively with saturated aqueous sodium bicarbonate and water, and the organic 
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to 
obtain a cmde product which was purified by flash chromatography (95:5 
dichloromethane:methanol) to give the title compound of Example 176, Step C as a 

30 viscous oil, 0.64 g (80%). 'H NMR (CDCI3, 300 MHz) 5 0.95 (d. 6H). 1 .51 (d. 3H). 

1.68 (m. 2H) 2.35 (m. 2H). 2.47-2.64 (m. 4H). 3.67-3.75 (m. 4H). 5.68 (q. 1H), 6.36 (s. 
1H), 6.40 (d. IN). 6.98 (m. 1H). 7.12-7.28 (m, 3H). 8.18 (m. 1H); MS (CI) 400 (MH*). 
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Step D: (R)-1 44>f4-f3'ChlorobenzvltdeneVpiDeridin-1-vl]-Pvrimidin-2-vll>ethano{ . To a 
solution of (R)-1 -{4-[4-(3-chloro-benzylidene)-piperidin-1 -yl]-pyrimidin-2-yl}-ethyl 
butyrate (prepared according to the method of Example 176, Step C, 0.62 g, 1.55 
mmol) in methanol (8 mL) was added 1 N aqueous sodium hydroxide (1 mL) then 
5 stin-ed for 4 h at ambient temperature. The mixture was diluted with chloroform and 
washed once with water, once with saturated aqueous sodium chloride and the 
organic layer was dried over sodium sulfate and filtered. The filtrate was concentrated 
to obtain a caide product which was purified by flash chromatography (95:5 
dichloromethanermethanol) to give the title compound as a white solid. 0.31 g (61%). 
10 NMR (CDCI3. 300 MHz) 5 1.51 (d. 3H). 2.46 (m. 2H). 2.56 (m, 2H). 3.07 (m. 2H). 
3J7 (m. 2H). 4.35 (d, 1H). 4.69 (q, 1H), 6.36 (s. 1H). 6.40 (d, 1H). 7.07 (m, 1H). 7.12- 
7.28 (m. 3H). 8.18 (m, 1H); mp: 45-55 *C; MS (CI) 330 (MH*); [a]o +16.8 (c 1.0. 
MeOH). 

Examples 177 to 181 

1 5 Examples 1 77 to 1 81 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 176. 



HO 




20 



Example 






mp (»C) 


MS (MH*) 


177 


4-chlorophenyl 


H 




330. 332 


178 


(E)-2-phenyl-ethen-1 -yl 


H 




322 


179 


benzoyl 


H 


44-59 


324 


180 


phenyl 


phenyl 


108-109 


372 


181 


phenyl 


pyrid-2-yl 


98-101 


373 



Example 182 

(RV1-r4-f4-Pvridin-2-vlmethvl-piperazin-1-vh-pvrimidin-2-vn-ethanol . 
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Me 

OH 




Step A- fP )-i-f^-M-Pvridin.2 -Y— ^^Y'-Pr^^«^i"-1 vlVP>rrimif1ip-?-Yn-m acgtatg. To 
a solution of (R).1-l4-piperazin-1-yl>-pyrimidin-2.yl]-ethy. acetate (prepared according 
to the method of Preparation Two. 1 .55 g. 6.2 mmol) and triethylamine (0.86 mL. 6.2 
5 mmol) in tetrahydrofuran (20 mL) was added 2-picoylchIoride hydrochloride (1 .01 g. 
6 2 mmol) at ambient temperature and stirred for 1 h. The mixture was diluted w.th 
water and extracted twice with ethyl acetate. The combined extracts were dried over 
magnesium sulfate, filtered, and the filtrate was concentrated to an oil which was 

purified by flash chromatography (95:5 dichloromethane:methanol) to give the title 
10 compound of Example 182. Step A. 0.98 g (46o/,). NMR (CDCI. 300 MHz) 5 1.58 

(d 3H) 2 15 (s. 3H) 2.62 (t. 4H). 3.72 (t. 4H). 3.75 (s. 2H). 5.67 (q. 1H). 6.35 (d. 1H). 

7.22 (m. 1H). 7.46 (d. 1H). 7.73 (m. 1H). 8.21 (d. 1H). 8.62 (d. 1H): MS (CI) 342 

(MH*). 

Step B- p y^.\A.^^.P^ciin- '^-^^rr..iHy^.r^n^TS7\r^.U^^^^ To a 

15 solution of (R)-i.I4-(4-pyridin-2-ylmethyl-pipera2in-1-yl)-pyrimidin-2-y^^^ acetate 
(prepared according to the method of Example 182, Step A. 0.14 g. 0.33 mmol) .n 
dioxane (6 mL) was added at ambient temperature 6 N aqueous potassium hydrox.de 
(0 5 mL). After stirring for 3 h the solution was diluted with ethyl acetate and washed 
twice with water. The organic layer was separated, dried over magnesium sulfate. 
20 filtered, and the filtrate was concentrated to give the title compound as a white solid. 
0 09 g (690/0). 'H NMR (CDCI. 300 MHz) 6 1 .52 (d. 3H). 2.38-2.59 (m. 4H). 3.72-3.77 
(m. 6H). 4.69 (q. 1H). 6.37 (d. 1H). 7.22 (d. 1H). 7.41 (d. 1H). 7.69 (m. 1H). 8.21 (d. 
1H) 8.58. (d. 1H): mp: 68-70 "C; MS (CI) 300 (MH*); Wo +16.2 (c 1.0. MeOH). 

Cvomplft^ 1ftato187 

25 Examples 183 to 187 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 182. 
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HO 






>—"Me 






/ \ '^^^ 






R mp (X) 


MS (MH*) 


183 


phenylmethyl 


299 


184 


isoquinolin-2-yl-methyl 


350 


185 


ben20thien-2-yl-methyl 




186 


benzothiazol-2-yl-methyl 


356 


187 


ben2ofuran-2-yl-methyl 


339 



Example 188 

1R-{4-r2R.6S-Dimethv|.4.(2.ri.2.41tria?nl.1-vl. Dvrimidin-4-vh-oipera2in-1-vn-nvrimiriin- 
2-vlVethanol . 




Me 

Step A: 4-(3R.5S-Dimethvl-DiDerazin-1-v lV2-tnethanesu|fonvl-Dvrimidinft To a 
10 solution of cis-2,6-dimethylpipera2ine (10.7 g. 94.1 mmol) and triethylamine (9.52 g. 
94.1 mmol) in chlorofomi (300 mL) was added 4-chloro-2-methanesulfonylpyrimidine 
(15.1 g. 78.4 mmol; Hetemcycles 1985, 23, 61 1) at ambient temperature and stirred 
for 1 h. The mixture was partitioned wnth saturated aqueous sodium bicarbonate and 
the separated organic layer was washed once with water, once with saturated 
1 5 aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an orange solid which was slurried in ethyl 
ether and filtered to give the title compound of Example 188. Step A as a white solid. 
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15.4 g (73%). 'H NMR (CDCI3, 400 MHz) 5 1 ,01 (m. 6H), 2.35-2.78 (m. 4H). 2.85 (s. 
3H). 3.32 (m. 2H). 6.81 (d. 1H). 8.2 (d. 1H); mp: 182-183 «C; MS (CI) 301 (MH*). 
Step B: 4.(:=tR.5S-DimethYi-pipprazin-1 -viV2-fl .2.41tria2ol-1-vl-Pvrimidine. To a slurry 
of sodium hydride (60% dispersion in oil, 0.37 g. 9.4 mmol) in dimethylformamide (5 

5 mL) was added a solution of 1 .2.4-triazole (0.67 g. 9.4 mmol) in dimethylformamide (4 
mL) at 0 °C under nitrogen atmosphere. After 10 min. a solution of 4-(3R.5S- 
dimethyl-piperazin-1 -yl)-2-methanesulfonyl-pyrimidine (prepared according to the 
method of Example 1 88. Step A. 2.54 g. 9.4 mmol) in warm dimethylfomriamide (5 mL) 
was added dropwise and stirred at ambient temperature for 2 h then heated to 100 °C 

10 for 0.5 h. The mixture was quenched in saturated aqueous sodium bicarbonate and 
extracted twice with ethyl acetate. The combined extracts were washed once with 
water, once with saturated aqueous sodium chloride and the organic layer was dried 
over sodium sulfate and filtered. The filtrate was evaporated to an oil which was 
purified by flash chromatography (9:1 dichloromethane:methanol) to give the title 

15 compound of Example 1 88, Step B as an oil, 0.50 g (62%). NMR (CDCI3. 400 

MHz) 6 1.01 (m, 6H). 2.35-2.88 (m. 5H). 3.32 (m, 1H). 6.81 (d. 1H). 8.16-8.23 (m. 2H). 
9.25 (d.lH); MS (CI) 260 (MH*). 

Step C: 1 R-l4-f2R.6S-DimethvM-(?-f1 ^.Sltriazol- I ■vl-t?vrimidin-4-vn-niperazin-1-vn- 
pvrimidln-2-vl)-ethvl butvrate . To a solution of 4-(3R,5S-dimethyl-piperazln-1-yl)-2- 

20 [1 ,2.4]triazol-1-yl-pyrimidine (prepared according to the method of Example 188. Step 
B. 0.46 g. 1 .8 mmol) in acetonitrile (3 mL) was added (R)-1-(4-methanesulfonyloxy- 
pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation Eight. 
0.57 g, 2.0 mmol) and heated to reflux for 6 h under nitrogen atmosphere. The 
mixture was quenched in saturated aqueous sodium bicartaonate and extracted twice 

25 with ethyl acetate. The combined extracts were washed once with water, once with 
saturated aqueous sodium chloride and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (9:1 dichloromethane:methanol) to give the title compound of 
Example 188. Step C as an oil, 0.22 g (54%). ^H NMR (CDCI3. 400 MHz) 5 0.95 (t. 

30 3H), 1 .51 (m. 6H). 1 .54 (d. 3H). 1 .63 (m. 2H). 2.38 (t. 2H). 3.38 (m. 2H). 4.33-4.64 (m. 
4H). 5.68 (q. 1H). 6.28 (d. 1H). 6.58 (d, 1H), 8.10 (s. 1H). 8.26-8.32 (m. 2H). 9.10 (d. 
1H); MS (CI) 452 (MH*); Wo +50.0 (c 1.0. MeOH). 
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p.peraz,n-i-yi]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
Example 188. Step C. 0.18 g. 0.40 mmol) was combined with concentrated 
hydrochloric add (2 mL) and stirred at ambient temperature for 4 h. The mixturB was 
quenched in saturated aqueous sodium bicarbonate and extracted twice v^th ethyl 
acetate. The combined extracts were washed once with water, once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (9:1 dichloromethanermethanol) to give the title compound as a white 
solid. 0.13 g (870/0). 'H NMR (CDCI3. 400 MHz) 5 1.31 (d. 6H). 1.51 (d. 3H). 3 42 (m 
2H). 4.42-4.73 (m. 5H). 6.41 (d, 1H). 6.56 (d. 1H). 8.12 (s. 1H). 8.24 (d. 1H). 8.30 (d ' 
1H). 9.10 (s. 1H); MS (CI) 382 (MH'); +18.6 (c 1.0. MeOH). 

Examples lRQtniQ«; 
Examples 189 to 195 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 188. 



•Me 



20 
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Example 1 96 

1R4442R.6S-DimethvM-(441.24ltriazoU1-vi-Dvrimid in>^^^^ 
2-vlV^thanol . 



Step A: 2>Thiomethvl-441 .2.41triazol-1 -vNDvrimidine . To a slurry of sodium hydride 
(60% dispersion in oil, 24.2 g, 605 mmol) in dimethylformamide (800 mL) was added a 
solution of 1 .2,4-tria20le (0.67 g. 9.4 mmol) in dimethylfonmamide (4.0 mL) at 0 

10 under nitrogen atmosphere. After 10 min, a solution of 4-chloro-2-methyithio- 

pyrimidine (97.2 g, 605 mmol) in dimethylfomriamide (200 mL) was added dropwise at 
10 and stin-ed at ambient temperature for 14 h. The mixture was quenched in 
water and the solid precipitate was filtered off and dried under vacuum to give the title 
compound of Example 196. Step A as a white solid, 1 13 g (94%). NMR (CDCI3, 

15 400 MHz) 5 2.82 (s. 3H), 6.82 (d, 1H), 8.18 (d. 1H), 8.19 (s, 1H), 9.35 (s, 1H); mp: 
125-126 ^'C; MS (CI) 194 (MH^ 

Step B: 2-MethanesulfonvU-f1 .2.41triazol-1 -vl-pvrimidine . To a mechanically stin-ed 
suspension of 3-chloroperoxybenzoic acid (75%, 127 g. 551 mmol) in chloroform (625 
mL) was added a solution of 2-thiomethyl-4-[1 .2,4]tria2ol-1-yl-pyrimidine (prepared 

20 according to the method of Example 196, Step A. 50.7 g, 262 mmol) in chlorofonn 
(625 mL) and stirred at ambient temperature for 16 h. The mixture was filtered and 
the filtrate was washed six times with saturated aqueous sodium carbonate. The 
organic layer was dried over sodium sulfate, filtered, and concentrated to give the title 
compound of Example 196, Step B as a white solid, 37.8 g (64%). NMR (CDCI3. 

25 400 MHz) 5 3.62 (s. 3H). 6.82 (d, 1H), 8.19 (s, 1H), 8.24 (d. 1H). 9.35 (s, 1H); mp: 
135-136 MS (CI) 226 (MH*). 



5 
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Step C: 2-(3R.5S-Dimeth vl-DiDera2in-1-vl)-4-f1 .2.41triazol-1-vl-DvrimiHinP 2- 
Methanesulfonyl-4-(1,2,4]triazol-1-yi-pyrimicline (prepared according to the procedure 
of Example 196, Step B, 32.5 g. 144 mmol) was combined with cis-2,6- 
dimethyipiperazine (34.5 g, 302 mmol) and heated neat at 135 "C for 1 h, cooled, 
5 dissolved in 2 N aqueous hydrochloric acid and washed once with ethyl acetate. The 
acidic aqueous layer was basified to pH 9 with 6 N aqueous sodium hydroxide at 0 
then extracted four times with ethyl acetate. The combined extracts were washed 
once with water, once with saturated aqueous sodium chloride and the organic layer 
was dried over sodium sulfate and filtered. The filtrate was evaporated to an oil which 
1 0 crystallized from hexanes to give the title compound of Example 1 96. Step C as a 
white solid. 31.8 g (71%). 'H NMR (CDCIa. 400 MHz) 8 0.99 (d. 6H). 2.38 (m. 4H). 
3.30 (s. 2H). 6.82 (d. 1H). 8.18 (d. 1H). 8.19 (s. 1H). 9.35 (s. IH); mp: 143-146 «C; MS 
(CI) 260 (MH*). 

Step D: 1R-{4-r2R.6S-Dimethvl-4-(4.r i.2.41triazQ|.1-vl-Dvrimidln-?.Yn.piDera7in.1.Yq. 
5 Pvrimidin-2-vl>-ethvl butvratfi. To a solution of 2-(3R.5S-dimethyl-pipera2in-1 -yl)-4- 
[1.2,4]triazol-1-yl-pyrimidine (prepared according to the method of Example 196, Step 
C, 8.33 g, 32.1 mmol) in acetonitrile (30 mL) was added (R)-1-(4- 
trifluorDmethanesulfonyloxy-pyrimidin-2-yl)-ethyl butyrate (prepared according to the 
method of Preparation Nine, 5.50 g, 16.1 mmol) and heated to reflux for 3 h under 

20 nitrogen atmosphere. The cooled mixture was filtered and the solids were washed 
twice with ethyl acetate. The combined extracts were washed once with water, once 
with saturated aqueous sodium chloride and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (99:1 dichloromethane:methanol) to give the title compound of 

25 Example 1 96. Step D as an oil. 3.61 g (50%). 'H NMR (CDCI3. 400 MHz) 5 0.91 (d. 
6H). 1.26 (t. 3H). 1.59 (d. 3H). 1.69 (q, 2H). 2.40 (m. 2H). 3.40 (d, 2H). 4.60 (m, 4H). 
5.70 (q. IH). 6.39 (d. 1H). 6.58 (d. IH), 8.12 (s. 1H). 8.25 (d. IH). 8.31 (d, IH), 8.35 
(S.1H); MS (CI) 452 (MH*). 

Step E: 1R-f4-r2R.6S-DimethvU-r4-f1 2.41triazol-1.vl.nvrimidin.2.vlVniDera2in-1-vl)- 
30 pyrimidin-2-Yi}-€thanQl. 1R-{4-[2R,6S-DimethyM-(4-I1.2.4]tria2ol-1-y|.pyrimidin-2-yI)- 
piperazin-1-yl]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
Example 196, Step D, 3.60 g. 8.0 mmol) was combined with concentrated 
hydrochloric acid (10 mL) and stirred at ambient temperature for 4 h. The mixture was 
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quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl 
acetate. The combined extracts were washed once with water, once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an oil which was purified by flash 
5 chromatography (99:1 dichloromethane:methanol) to give the title compound as a 
white solid. 2.35 g (77%). NMR (CDCI3. 400 MHz) 5 1.31 (d. 6H). 1.51 (d. 3H), 
3.34 (m. 2H). 4.42 (m. 2H). 4.68^.82 (m, 3H). 6.42 (d. 1H). 7.1 1 (d. 1H). 8.1 1 (s. 1H). 
8.23 (d. 1H). 8.49 (d. 1H). 9.12 (s. 1H); mp: 181-182«C; MS (CI) 382 (MH*). 

Examples 197 to 200 

1 0 Examples 1 97 to 200 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 196. 



Example 





"Me 



N // 



»« 



R« mp rC) MS (MH*) 



197 imidazol-1-yl 

198 morpholin-4-yl 

199 pyrrolidin-i-yl 

200 4-methylpiperazin-1-yl 



2R-Me 6S-Me 

2R-Me 6S-Me 

2R-Me 6S-Me 

3R-Me 5S-Me 



60-70 
70-80 
70-80 
168-170 



381 
400 
384 
413 



15 



Example 201 

1R-/4-f2R.6S-Dimethvl-4-f2-Dvridin-3-vl-Pvrimidin~ d-vn-piperazin-1-vn-Dvrimidin-2-vl>- 
ethanol. 
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Me 



Step A: 2-Pvridin-3-vl>pvrimidin-4-vltrifluoromethanesulfonate . To a solution of 2- 
pyridin-3-yl-3H-pyrimidin-4-one (150 mg, 0.87 mmol; 1 Med Chem. 1990, 33. 1230) 
and triethylamine (0.13 mL, 0.95 mmol) in dichloromethane (3 mL) was added 
5 dropwise a solution of trifluoromethanesulfonic anhydride (0.22 mL, 0.91 mmol) in 
dichloromethane (2 mL) at 0 °C under nitrogen atmosphere. The mixture was allowed 
to stir for 30 min at 0 ^'C then diluted with dichloromethane and washed once with 
water and the aqueous layer was extracted twice with dichloromethane. The organic 
extracts were combined, washed sequentially with saturated aqueous sodium 

10 carbonate and saturated aqueous sodium chloride, dried over sodium sulfate and 
filtered. The filtrate was evaporated to give the title compound of Example 201 . Step 
A as an orange oil, 0.22 g (95%), that was used without further purification. 
Step B: 1R-(4-r2R.6S-Dimethvl-4-f2-pvridin-3-vl'Pvrimidln-4-vlVD!Dera2in-1-vlV 
pvrimidin-2-vlV-ethanol . A solution of 2-pyridin-3-yl-pyrimidin-4-yl 

1 5 trifluoromethanesulfonate (prepared according to the method of Example 201 , Step A, 
0.15 g, 0.5 mmol) in tetrahydrofuran (3 mL) at 0 °C was added dropwise to a solution 
of 1R-[4-(2R.6S-dimethyl-piperazin-1yl)-pyrmidin-2-yl]-etiiyl butyrate (prepared 
according to the meUiod of Preparation Four. 0.15 g. 0.45 mmol) in tetrahydrofuran (2 
mL) and stirred for 1 h at ambient temperature. The mixture was quenched in 

20 saturated aqueous sodium bicarbonate and extracted twice with ettiyl acetate. The 
combined extracts were washed once with water, once with saturated aqueous 
sodium chloride and the organic layer was dried over sodium sulfate and filtered. The 
filtrate was evaporated to an oil and dissolved in concenti^ted hydrochloric acid (3 
mL) and stirred at ambient temperature for 4 h. The mixture was quenched in 

25 saturated aqueous sodium bicarbonate and extracted twice with eUiyl acetate. The 
combined extracts were washed once witti water, once with saturated aqueous 
sodium chloride and the organic layer was dried over sodium sulfate and filtered. The 
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filtrate was evaporated to give the title compound as a white foam, 0.091 g (48%). *H 
NMR (CDCI3, 400 MHz) 8 1.31 (d, 6H). 1.51 (d, 3H). 3.34 (m, 2H), 4.42-4.70 (m. 4H), 
4.71 (q, 1H), 6.40 (d, 1H), 6.56 (d, 1H). 7.37 (m. 1H), 8.22 (d, 1H). 8.36 (d, 1H). 8.62- 
8.68 (m. 2H). 9.53 (m. 1H); mp: 61-70 ^C; MS (CI) 392 (MH*). 



1R-(442R.6S-Dimethvl-4-f2-(4-methvl-Dipera2in-1>vlVpvrimidin-4-vn-plDera2in-1-vlW 
pvrimidin-2-vlV-ethanol . 



Step A: 1R-f4-r4-f2-Methanesulfonvl-Dvrimidin-4-vlV2R.6S-dimethvl-Dipera2in-1-vn- 
1 0 pvrimidin-2-vlVethvl butvrate . To a solution of 4-{3R,5S-dimethyl-piperazln-1 -yl)-2- 
methanesuifonyl-pyrimidine (prepared according to the method of Example 188, Step 
A, 7.70 g, 14.3 mmol) in acetonitrile (30 mL) was added 1R-(4- 
trifluoromethanesulfonyloxy-pyrimidin-2-y!)-ethyl butyrate (prepared according to the 
method of Preparation Nine. 5.50 g, 16.1 mmol) and heated to reflux for 3 h under 
1 5 nitrogen atmosphere. The cooled mixture was filtered and the solids were washed 
twice with ethyl acetate. The combined extracts were washed once with water, once 
with saturated aqueous sodium chloride and the organic layer was dried over sodium 
sulfate and fijtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (98:2 dichloromethane:methanol) to give the title compound of 
20 Example 202. Step A as an oil, 4.01 g (62%). NMR (CDCIa. 400 MHz) 5 0.93 (t, 
3H). 1.21 (d. 6H). 1.55 (d, 3H). 1.64 (q, 2H). 2.36 (t. 2H), 3.25 (s, 3H). 3.37 (m, 2H), 
4.5-47 (m, 4H), 5.65 (q. 1H), 6.33 (d. 1H), 6.68 (d. 1H), 8.22 (d, 1H), 8.28 (d. 1H); MS 
(CI) 463 (MH*). 

Step B: 1R44-r4>f2-Methanesulfonvl-pyrimidin-4"VlV2R.6S-dimethvl-piDerazin-1-vn- 
25 pvrimidin-2-vlV-ethanol . 1 R-{4-[4-(2-Methanesulfonyl-pyrimidin-4-yl)-2F?,6S-dimethyl- 
piperazin-1-yi]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 



Example 202 
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Example 202. Step A, 0.42 g. 0.9 mmol) was combined with concentrated 
hydrochloric add (3 mL) and stin-ed at ambient temperature for 4 h. The mixture was 
quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl 
acetate. The combined extracts were washed once with water, once with saturated 
5 aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (99:1 dichloromethanermethanol) to give the title compound of 
Example 202. Step B as a white foam, 0.25 g (71 %). 'H NMR (CDCI3, 400 MHz) 5 
1.26 (d. 6H). 1.50 (d, 3H). 3.25 (s, 3H), 3.41 (m, 2H), 4.5-4.7 (m. 5H). 6.37 (d. 1H). 
10 6.71 (d. 1H). 8.24 (d. 1H), 8.30 (d. 1H); MS (CI) 393 (MH*). 

Step C: 1R-(4-f2R.6S-Dimethv!-4-r?-r 4.methvl-DiDerazin-1.vlVDvrimiriin^.Yi1. 
piperazin-1-vlVDvrimidin-?-YlW>thanoi 1 R-{4-[4-(2-Methanesulfonyl-pyrimidin-4-y|)- 
2,6-dlmethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethanol (prepared according to the method 
of Example 202. Step B. 0.25 g, 6.4 mmol) was combined vwth N-methylpiperazine 
1 5 (2.0 mL) and heated at 80 for 1 h under nitrogen atmosphere. The mixture was 
quenched in water and extracted twice with ethyl acetate. The combined extracts 
were washed once with water, once with saturated aqueous sodium chloride and the 
organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated 
.*° ^" °''„!^*^'*^^ ® P""^®"^ chromatography (96:4 chtorofomi:methanol) to 

20 give the title compound as a white foam. 0. 1 1 g (41 %). 'H NMR (CDCI3, 400 MHz) 5 
1.31 (d. 6H). 1.51 (d, 3H). 2.47 (s. 3H). 2.63 (m. 4H). 3.23 (m, 2H). 3.94 (m. 4H), 4.33 
(m, 2H), 4.57 (m. 2H). 4.71 (q, 1H). 5.96 (d. 1H), 6.46 (d, 1H). 7.98 (d. 1H), 8.23 (d, 
1H); mp: 60-70 °C; MS (CI) 413 (MH*). 

Examples 203 to 907 

15 Examples 203 to 207 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 202. 



wo 00/59510 



PCTABOO/00296 



-221- 

HO 




Example 






R* 


mp (°C) 


MS (MH*) 


203 


morpholin-4-yl 


2R-Me 


6S-Me 


70-80 


400 


204 


pyrrolidin-l-yl 


2R-Me 


6S-Me 


70-80 


384 


205 


2.6-dimethylmorpholin-4-yl 


2R-Me 


6S-Me 




428 


206 


3.5-dimethylpiperidin-1 -yl 


2R-Me 


6S-Me 




426 


207 


5-methyl-furan-2-yl 


2R-Me 


6S-Me 


123-128 


395 



Example 208 

1 R-f443R.5S-DinriethvM-r2-f4-methvl-piperazin-1 -vl)-pvrimidin-4-vn-piperazin-1 -vft- 
5 Dvrimidin>2>vlV-ethanoL 

Me 

\ 




Me 



Step A: 4-(4-Ben2vl-2R.6S-dimethvl-Diperazin-1'VlV2-methanesulfonvl-Dvrimidine . 
To a solution of ds-1-benzyl-3,5-dimethylpiperazine (24.9 g, 122 mmol, Org. Prep. 
Proceed. Int. 1976. 8. 19) in dimethylacetamide (60 mL) was added 4-chloro-2- 

1 0 methanesuifonyl pyrimidine (1 1 .8 g, 61 .3 mmol) and stirred for 1 6 h at 1 20 °C. The 
mixture was partitioned between water and ethyl acetate and the aqueous layer was 
extracted three times with ethyl acetate. The combined organic layers were washed 
three times with 1% aqueous copper sulfate, once with saturated aqueous sodium 
chloride and the organic layer was dried over sodium sulfate and filtered. The filtrate 

1 5 was evaporated to an orange solid which was siunied in isopropyl ether (1 00 mL) and 
filtered to give the title compound of Example 208, Step A as an orange solid, 16.5 g 



wo 00/59510 



PCT/lBOO/00296 



-222- 

(75%). NMR (CDCI3. 300 MHz) 5 1.35 (d, 6H), 2.25 (m, 2H), 2.76 (m, 2H). 3.23 (s, 
3H). 3.53 (s, 2H), 4.35-4.65 (m, 2H). 6.51 (d. 1H), 7.26 (m. 2H), 7.34 (m. 3H). 8.24 (d, 
1H); MS (CI) 361 (MH*). 

Step B: 4-(4-Benzvl-2R.6S-dimethvl-DiDerazin-1-vlV2-f4-methvlDiDera2in-^ 
5 pyrimidine. 4-(4-Benzyl-2R,6S-dimethyipipera2in-1-yl)-2-methanesulfonyipyrirriidine 
(prepared according to the method of Example 208, Step A, 1 1 .5 g. 31 .9 mmol) was 
combined with N-methylpiperazine (15 mL. 128 mmol) and heated to 120 °C for 2 h. 
The mixture was diluted with ethyl acetate and washed once with water, once with 
saturated aqueous sodium chloride and the organic layer was dried over sodium 
10 sulfate and filtered. The filtrate was evaporated to give the title compound of Example 
208. Step B 3s an orange solid. 14.7 g (84%). NMR (CDCI3, 300 MHz) 5 1.30 (d, 
6H). 2.21 (m, 2H). 2.33 (s. 3H). 2.46 (m. 4H). 2.72 (d. 2H). 3.53 (s. 2H). 3.78 (m, 4H). 
4.31 (m. 2H). 5.79 (d. 1H). 7.24 (m. 2H), 7,31 (m. 3H). 7.90 (d. 1H); MS (CI) 381 
(MH*). 

15 SteoC: 4-(2R.6S-Dimet hvl-DiDera2in-1-vlV2-r4-methvlpiDerazjn-1~vn-Dvrimidine . To 
a solution of 4-(4-benzyl-2R.6S-dimethylpipera2in-1-yl)-2-(4-methyl-pipera2in-1-yl). 
pyrimidine (prepared according to the method of Example 208. Step B. 9.8 g. 25.8 
mnnol) in methanol (200 mL) and hydrochloric acid (1 N in ethyl ether, 38.7 mL, 38.7 
mmol) was added ammonium fonmate (16.3 g. 25.8 mmol). After stining at ambient 

20 temperature for 5 min. 1 0% palladium on carbon (1 .96 g. 20 wt% pre-wetted with 
isopropanol) was added and this mixture was heated to reflux for 2 h. The cooled 
reaction was filtered and the filtrate was concentrated to a solid, which was diluted 
with ethyl acetate and washed twice with water, once with saturated aqueous sodium 
chloride and the organic layer was dried over sodium sulfate and filtered. The filtrate 

25 was evaporated to give the title compound of Example 208, Step C as a clear oil. 6.01 
g (81%). NMR (CDCI3. 300 MHz) 5 1.25 (s. 6H). 2.31 (s, 3H). 2,24-2.44 (m, 4H). 
2.90 (m. 4H). 3.76 (m. 4H). 4.25 (m, 2H). 5.79 (d. 1H). 7.90 (d. 1H); MS (CI) 291 
(MH*). 

Step D: 1 R-f4-f 3R.5 S-Dimethvl-4-f2-M-methvl-piDera2in-1 >vl VDvrimidin^-Yr]- 
30 DiDera2in-1-vtVDvrimidin- 2-vlV^thvl butvrate . To a solution of 4-(2R,6S-dimethyl- 
pipera2in-1-yl)-2-(4-methyl-pipera2in-1-yl)-pyrimidine (prepared according to the 
method of Example 208, Step C, 9.0 g, 31.1 mmol) and triethylamine (6.5 g. 46.5 
mmol) in dimethylformamide (90 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl 
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butyrate (prepared according to the method of Preparation Seven, 7.78 g, 34.1 mmol) 
and heated to reflux for 3 h under nitrogen atmosphere. The cooled mixture was 
filtered and the solids were washed twice with ethyl acetate. The combined extracts 
were washed once with water, once with saturated aqueous sodium chloride gnd the 
5 organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated 
to an oil which was purified by flash chromatography (95:5 chloroformrmethanol) to 
give the title compound of Example 208, Step D as an oil, 11 .4 g (76%). NMR 
(CDCI3, 300 MHz) 5 0.95 (t, 3H). 1,18 (d. 6H). 1.54 (d, 3H). 2.23-2.35 (m. 7H). 2.51 
(m. 4H), 3.21 (m. 2H). 3.81 (m. 4H), 4.32 (m. 2H), 4.52 (m. 2H). 5.65 (q. 1H), 5.82 (d. 

10 1H), 6.38 (d. 1H), 7.39 (d. 1H), 8.18 (d. 1H); MS (CI) 483 (MH^ 

Step E: 1R-f443R.5S'DimethvM>r2-(4-methvl-piDerazin"1-vn-Pvrimidin-4-vl]- 
piDera2in-1-vl)-pvrimidin-2>vn-ethanol . 1 R-(4-{3R,5SHjimethyl-4-[2-(4-methyl- 
piperazin-1 -yl)-pyrimidin-4-yl]-piperazin-1-yl}-pyrimidin-2-yl)-ethyl butyrate (prepared 
according to the method of Example 208, Step D. 1 1 .3 g. 23.5 mmol) was combined 

15 with concentrated hydrochloric acid (60 mL) and stirred at ambient temperature for 4 
h. The mixture was quenched in saturated aqueous sodium bicarbonate and 
extracted five times with 10% isopropanol/chloroform. The combined extracts were 
washed once with saturated aqueous sodium chloride and the organic layer was dried 
over sodium sulfate and filtered. The filtrate was evaporated to an oil and crystallized 

20 from isopropanol to give the title compound as a white solid. 7.34 g (76%). NMR 
(CDCI3, 300 MHz) 5 1.21 (d. 6H), 1.51 (d. 3H). 2.34 (s, 3H), 2.45 (m, 4H), 3.24 (m. 
4H). 3.76 (m, 2H). 4.30-4.53 (m. 4H). 4.68 (q. 1H). 5.82 (d. 1H), 6.42 (d, 1H). 7.94 (d. 
1H), 8.21 (d. 1H); mp: 181-182 -c; MS (CI) 413 (MH*). 

Examples 209 to 21 1 

25 Examples 209 to 21 1 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 208. 
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R 




'•••Me 



Example 



mp («C) MS (MH*) 



209 



2.6-dimethylmorpholin-4-yl 3R-Me 5S-Me 

4-ethylpipera2in-1-'yl 3R-Me 5S-Me 144-146 
4Hsopropylpipera2in-1-yl 3R-Me 5S-Me 137-139 



428 



210 



427 



211 



441 



Example 212 

1R-l4-f2R.6S-Dimet hvl-4-(4-moroholmo-4-vl-ri.3.51triazin-2-vlVDiDera2in^ 
5 pvrimidin-2-vl>-ethanQL 



Step A: 1R44>r4-(4- Chloro>6-momholino41.3.51triazin-2-vlV2R.6S-dimethvlpipera2i^^ 
1 -vn-pvrimidin-2-vlVHethvi butvrate. To a solution of 1 R-[4-(2R,6S-dimethyl-piperazin- 
1-yl)-pyrimidin-2-yl]-€thyl butyrate (prepared according to the method of Preparation 

10 Four. 0.31 g, 1.0 mmol) and sodium bicarbonate (0.17 g, 2.0 mmol) in 

dimethyiformamide (3 mL) was added 2,4-dichloro-6-morpholino-[1.3,5]triaz!ne (0.24 
g, 1.0 mmol; Chem. Pharm. Bull, 1997. 45, 291 ) and stin-ed at ambient temperature 
for 2 hours. The mixture was diluted with ethyl acetate and washed twice with water, 
once with saturated aqueous sodium chloride, and the organic layer was dried over 

15 sodium sulfate and filtered. The filtrate was concentrated to an oil, which was purified 
by flash chromatography (99:1 chlorofonmrmethanol) to give the title compound of 
Example 212. Step A as a white solid, 0.19 g (37%). NMR (CDCI3. 300 MHz) 5 
0.93 (t. 3H). 1.23 (d, 6H), 1.53 (d. 3H). 1.66 (m, 2H), 2.37 (t, 2H), 3.16 (m. 2H). 3,72- 




O 



Me 
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3.78 (m. 10H). 4.12-4.78 (m. 2H), 5.65 (q, 1H). 6.34 (d, 1H). 8.19 (m, 2H): MS (CI) 
505. 507 (MH^), 

Step B: 1 R-f4-f2R.6S-Dimethvl-4-/4-morDholino-4-vl-ri .3.51triazin-2-vl)-piperazirv1 - 
vn-Pvrimidin-2-vlVethanol . To a solution of 1R-{4-[4-(4-chloro-6-morpholino- 
5 [1 ,3.5]tria2in-2-yl)-2R,6SKjimethyl-pipera2in-1 -yl]-pyrimidin-2-yI}-et butyrate 
(prepared according to the method of Example 212. Step A, 0.1 5 g, 0.35 mmol) in 
ethanol (10 mL) was added 10% palladium on carbon (0.75 g, 500 wt %) and 
hydrogenated at 45-50 psi using a Parr apparatus for 12 hours. The catalyst was 
filtered off and the filtrate was concentrated to an oil which was added to concentrated 

10 hydrochloric acid (2 mL) and stirred at ambient temperature for 6 hours. The mixture 
was diluted with chlorofonmand washed twice with water, once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was concentrated to give the title compound as a white solid, 0.47 
g (40%). NMR (CDCI3. 300 MHz) 5 1.23 (d, 6H), 1.53 (d. 3H), 3.16 (m. 2H). 3.72- . 

15 3.78 (m. 10H), 4.12-4.78 (m. 3H), 6.34 (d, 1H), 8.19 (m, 2H); mp: 78-82 «C; MS (CI) 
401 (MH*); [a]o +15.1 (c 1.0, MeOH). 



Step A: lR44>f4-(4>Chloro-6-methvl-f1.3.51triazin>2-vn-3R.5S<limethvlDiperazin-1-vn- 
pvrimidin-2-vlV-ethvl butyrate . To a solution of 1R-[4-(3R.5S-dimethyl-piperazin-1-yl)- 
pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Preparation 
Three, 1.47 g. 6.43 mmol) and sodium bicarbonate (2.25 g. 26.8 mmol) in 
25 dimeihylformamide (10 mL) was added 2,4-dichloro-6-methyl-[1 ,3,5]triazine (0.88 g, 
5.3 mmol; Monatsh. Chem. 1970, 101, 724) and stirred at ambient temperature for 2 
h. The mixture was diluted with ethyl acetate (1 50 mL) and washed twice with water, 
once with 10% aqueous CUSO4. once with saturated aqueous sodium chloride, and 




20 



Me 



Me 
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the organic layer was dried over sodium sulfate and filtered. The filtrate was 
concentrated to give the title compound of Example 213. Step A as a tan solid, 2.12 g 
(91%). NMR (CDCI3. 300 MHz) 5 0.93 (t. 3H), 1.23 (m. 6H), 1.54 (d. 2H). 1.66 (m. 
2H). 2.31 (s. 3H). 2.37 (m, 2H). 2.41 (s. 1H), 3.19 (m, 2H), 4.22-4.55 (m. 2H), 4.91 (m. 
5 2H). 5.65 (q. 1 H), 6.40 (d. 1 H). 8.20 (d, 1 H); MS (CI) 434, 436 (MH*). 

Step B: 1R-|4-r4-f4-Methoxv-6-methvl-f1.3.51triazin-2-vlV3R 5S-dimethvtpipf>ra7in-l. 
vn-pvrimidin-2-vl)-ethanol. A solution of sodium methoxide in methanol was freshly 
prepared by allowing sodium metal (0.4 g, 17.3 mmol) to dissolve in methanol (40 
mL). To this mixture was added 1R-{4-(4-(4-chloro-6-methyl-[1.3,5]tria2in-2-yl)- 

1 0 3R,5S-dimethyi-piperazin-1 -yl]-pyrimidin-2-yl}-ethyl butyrate (prepared according to 
the method of Example 213, Step A. 1.5 g, 3.46 mmol) which was stin-ed at ambient 
temperature for 16 h. The reaction mixture was evaporated to an oil, diluted with 
chlorofonnand washed twice with water, once with saturated aqueous sodium 
chloride, and the organic layer was dried over sodium sulfate and filtered. The filtrate 

1 5 was concentrated to a clear oil which was crystallized from isopropyl ether to give the 
title compound as a white solid. 0.85 g (72%). NMR (CDCI3, 300 MHz) 5 1 .23 (d. 
6H). 1 .48 (d. 3H). 2.36 (s. 3H). 3.20-3.26 (m. 2H). 3.90 (s, 3H), 4.18-4.43 (m, 2H), 
4.63 (m, 2H). 4.68 (q. 1H), 4.85 (d, 1H), 6.42 (d. 1H)..8.18 (d, 1H); mp: 161-162 'C; 
MS (CI) 360 (MH*); Mo +16.8 (c 1.0, MeOH). 

20 Example 214 

1R.{444.(4.6.Dimethoxv-ri.3.51tria7i n-2-vn-3R.5S-dimethvl-ninfirazin-1-vn-Dvrimiriin. 
2-vl)-ethanol. 



Step A: 1 R-f4-f4-(4.6-Dichloro-ri -3- 51tria2in-2.vlvaR.5S.dimethv<.DiDera2in-1-vl]- 
25 Pvrimidin-2-vlVethvl butvrate. To a solution of 1 R-[4-(3R,5S-Dlmethyl-piperazin-1-yl)- 
pyrimidjn-2-yO-ethyl butyrate (prepared according to the method of Preparation 
Three, 3.25 g, 10.5 mmol) and sodium bicarbonate (1.01 g, 19J2 mmol)- In 
dimethylfonnamide (8 mL) was added cyanuric chloride (1.76 g, 9.6 mmol) and stirred 



HQ 
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at ambient temperature for 2 h. The mixture was diluted with ethyl acetate and 
washed twice with water, once with saturated aqueous sodium chloride, and the 
organic layer was dried over sodium sulfate and filtered. The filtrate was concentrated 
to give the title compound of Example 214, Step A as a white semi-solid, 1 .42 g 
5 (68%). NMR (CDCI3, 300 MHz) 5 0.93 (t. 3H). 1 .23 (m, 6H). 1 .54 (d. 3H). 1 .66 (m, 
2H). 2.37 (m. 2H). 3.19 (m. 2H), 4.42^.55 (m. 2H). 4.91 (m. 2H). 5.65 (q. 1H). 6.40 (d, 
1 H). 8.20 (d. 1 H); MS (CI) 446. 448 (MH*). 

Step B: lR44>r4-(4.6-Dimethoxv-ri.3.51tria2in-2-vlV3R.5S-dimethvl-piperazin-1-vn- 
pvrimidin>2-vl)-ethanol . A solution of sodium methoxide in methanol was freshly 

10 prepared by allowing sodium metal (0.18 g, 8.0 mmol) to dissolve in methanol (16 
mL). To this mixture was added 1R-{4-[4-{4,6-dichloro-[1,3.5]triazin-2-yl)-3R.5S- 
dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the 
method of Example 214, Step A, 0.91 g, 2.0 mmol) at 0 ^'C, then wanned to ambient 
temperature for 1 h. The mixture was evaporated to an oil, diluted with chlorofonm 

1 5 and washed once with water, once with saturated aqueous sodium chloride, dried 
over sodium sulfate and filtered. The filtrate was concentrated to a clear oil which 
crystallized from isopropyl ether to give the title compound as a white solid, 0.54 g 
(72%). NMR (CDCI3. 300 MHz) 6 1.23 (d, 6H), 1.50 (d. 3H), 3.20 (m, 2H), 3.95 (s. 
6H), 4.32 (m. 1H), 4.67^.86 (m. 4H), 6.34 (d. 1H), 8.22 (d, 1H); mp: 187-188 ^C; MS 

20 (CI)376(MH7 



1 R-/2R.6S-DimethvM-(4-Dhenvl-f 1 .3.51triazin-2vlVDiDerazin-1 -vn-pvrimidin-2-vlV 
ethanol. 



25 Step A: 1 R-f4-r4-r4-Chloro-6-Dhenvl-ri .3.51triazin-2-v!W2R.6S-dimethvl-DiDera2in-1- 
vn-pvrimidin-2-vlVethvl butvrate . To a solution of 1R-[4-(2R,6S-dimethyl-pipe^azin- 
1yl)-pyrmidin-2yQ-elhyl butyrate (prepared according to the method of Preparation 



Example 215 
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Four. 2.35 g, 7.67 mmol) and sodium bicarbonate (1.29 g, 15.3 mmol) in 
dimethyiformamide (25 mL) at 0 "C was added 2.4-dichloro-6-phenyl[1 ,3.5]tria2ine 
(1.73 9, 7.67 mmol; Helv. Chim. Acta 1950, 33, 1365) portionwise. The reaction 
mixture was allowed to warm to room temperature and stir under nitrogen for 4 h, 
5 poured into water then filtered to give the title compound of Example 21 5, Step A as a 
light tan solid, 1.99 g (51%). 1H NMR (CDCI3. 400 MHz) 6 0.94 (t, 3H). 1.25 (d. 6H). 
1.57 (d. 3H). 1.68 (m. 2H). 2.40 (t. 2H). 3.27 (d. 2H), 4.65 (m, 2H). 4.82 (d. 1H). 5.00 
(d. 1H). 5.68 (q. 1H). 6.34 (d, 1H), 7.46 (m. 3H). 8.21 (d. 1H). 8.40 (d, 2H); MS (CI) 
496, 498 (MH*). 

1 0 Step B: lR-|4.r4-r6-P henvi-ri.3.51triazin-2-vn-2R.6S-dimethvt-ninerazin.1-vl]. 
Dvrimidin-2-vlV-ethvl butvratfi. To a solution of 1R-{4-[4-(4-chloro-6-phenyl- 
[1 ,3,5]triazin-2-yl)-2R.6S-dimethyl-piperazin-1 -yO-pyrimidin-2-yl}-ethyl butyrate 
(prepared according to the method of Example 215, Step A, 4.81 g, 9.7 mmol) in 
methanol (50 mL) was added 1 0% palladium on carbon (940 mg, 20 wt%). 

15 ammonium fonnate (5.98 g, 97 mmol), and hydrochloric acid (2 M in ethyl ether, 7.1 
mL. 14.2 mmol) and refluxed for 1.5 h. The mixture was allowed to cool, then filtered. 
The filtrate was concentrated and partitioned between chloroform and saturated 
aqueous sodium bicarbonate. The organic layer was separated, dried over sodium 
sulfate, filtered, and the filtrate was evaporated to an oil which was purified by flash 

20 chromatography (99: 1 chlorofomi:methanol) to give the title compound of Example 
215. Step B as a clear oil. 2.69 g (59%). 1 H NMR (CDCI3. 400 MHz) 5 0.95 (t 3H). 
1.25 (d. 6H). 1.57 (d. 3H). 1.68 (m. 2H), 2.40 (t, 2H). 3.27 (d, 2H). 4.65 (m, 2H), 4.82 
(d. 1H). 5.00 (d. 1H). 5.68 (q. 1H). 6.34 (d. 1H). 7.46 (m. 3H). 8.21 (d. IN). 8.40 (d. 
2H). 8.66 (s. 1H); MS (CI) 462 (MH*). 

25 Step C: 1 R-(2R.6S-DimethvM-^4-ph envl-f 1 .3.51triazin-2vlVDiDerazin-1 -vn-Dvrimidin-?- 
yl}-€thanol. Concentrated hydrochloric add (10 mL) was added to 1R-{4-I4-(6-phenyl- 
[1 .3.5]triazin-2-yl)-2R.6S-dimethyl-piperazin-1 yl]-pyrimidin-2yl}-ethyl butyrate 
(prepared according to the method of Example 215, Step B, 2.69 g, 5.8 mmol) and 
allowed to stir for 5 h at ambient temperature. The reaction mixture was cooled to 0 

30 °C, diluted with chloroform, and 6 M aqueous sodium hydroxide was added slowly 
until basic (pH 9). The layers were separated and the aqueous layer was extracted 
twice with chloroform. The combined organic extracts were washed once with 
saturated aqueous sodium chloride, dried over sodium sulfate, filtered, and the filtrate 
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was concentrated to an oil which was purified by flash chromatography (97:3 
chloroform:methanol) to give a white foam that crystallized from isopropyl ether to give 
the title compound as a white solid. 1 .55 g (68%). 1 H NMR (CDCIj, 400 MHz) 5 1 .28 
(d, 6H), 1.54 (d, 3H). 3.31 (d, 2H). 4.63 (m, 2H). 4.77 (q, 1H). 4.85 (d. 1H), 5.50 (d. 
5 1H). 6.42 (d. 1H), 7.50 (m. 3H). 8.25 (d, 1H), 8.41 (d. 2H). 8.68 (s. 1H); mp: 133-134 
"C; MS (CI) 392 (MH*); [ak +18.7 (c 1.07, MeOH). 



Examples 216 to 235 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 215. 



Examples 216 to 235 



10 



HO 
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Example 


R" 


R" 


R« 




mp (»C) 


MS (MH*) 


216 


CI 


morpholin-4-yl 


2R-Me 


6S-Me 


138-141 


435. 437 


217 


H 


morpholin-4-yl 


3R-Me 


5S-Me 


152 


401 


218 


OMe 


morpholin-4-yl 


2R-Me 


6S-Me 


176-178 


431 


219 


Me 


4-methyl-piperazln- 
1-yl 


3R-Me 


5S-Me 




428 


220 


Me 


H 


2R-Me 


6S-Me 


91-94 


330 


221 


OMe 


OMe 


2R-Me 


6S-Me 


128-129 


376 


222 


OEt 


Me 


3R-Me 


5S-Me 


141-142 


374 


223 


OiPr 


Me 


3R-Me 


5S-Me 


87-91 


388 


224 


phenyl 


H 


3R-Me 


5S-Me 


154-155 


392 


225 


phenyl 


OMe 


3R-Me 


5S-Me 




422 


226 


phenyl 


OMe 


2R-Me 


6S-Me 


135-138 


422 


227 


iPr 


H 


2R-Me 


6S-Me 


122-124 


358 


228 


iPr 


OMe 


3R-Me 


5S-Me 


75-80 


388 


229 


phenyl 


H 


H 


H 


115-117 


364 


230 


OMe 


Me 


H 


H 


173-175 


332 


231 


o-tolyl 


H 


3R-Me 


5S-Me 


123-125 


406 


232 


o-tolyl 


OMe 


3R-Me 


SS^Me 


-143-145 


436 


233 


cydopropyl 


H 


3R-Me 


5S-Me 


134-135 


356 


234 


cyclopropyl 


H 


2R-Me 


6S-Me 


133-134 


356 


235 


OMe 


CHzOMe 


3R-Me 


5S-Me 


104-105 


390 



Example 236 

1R-{4-f4-f4-HYdroxvmethvl-6-methoxv-fia.fil tria 2in-2.viW3RfiS-dimethvl-DinPraTfn-l. 
vn-Dvrimidin-2-vl V-ethanol 

HO 

MeO Me \....Me 

HO-^ Me 
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Step A: lR-(444-f4-Chloro-6-diazQmethvl41.3. ^1 tria7in-2-v}V 3R.5S-dimethvl- 
oiDerazin-1-vl1-pvrimidin-2-vlVethvl butvrate . To a solution of 1R-[4-(3R,5S-dimethyl- 
piperazin-1-yl)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of 
Preparation Three, 3.06 g. 10.0 mmol) and sodium bicarbonate (1.68 g, 20.0 mmol) in 
5 dimethylformamide (1 0 mL) was added 2,4-dichloro-6-diazomethyl-[1 ,3,5]triazine 
(1.90 g, 10.0 mmol; J, Am, Chem, Soc. 1957, 79, 944) and stin-ed at ambient 
temperature for 2 h. The mixture was diluted with ethyl acetate, washed twice with 
water, once with saturated aqueous sodium chloride, and the organic layer was dried 
over sodium sulfate and filtered. The filtrate was concentrated and purified by flash 
10 chromatography (ethyl acetate) to give the title compound of Example 236. Step A as 
a foam, 1.84 g (41%). NMR (CDCI3, 300 MHz) 5 0.94 (t, 3H), 1.23 (m. 6H). 1.55 (d. 
3H), 1.66 (m, 2H). 2.38 (m. 2H), 3.19 (m, 2H), 4.22-4.45 (m. 2H), 4.86 (m, 2H). 5.10 
(s. 1H), 5.65 (q. 1H). 6.40 (d. 1H), 8.20 (d, 1H); mp: 106-108 ^C; MS (CI) 461. 463 
(MH*). 

15 Step B: 1R-l4-r4-(4-Hvdroxvmethvl-6-methoxv-[1 .3.51tria2in-2-vlV3R.5S-dimethvl- 
DiDerazin-l-vn-Dvrimidin-2-vlVethanol . 1 R-{4-[4-(4-Chloro-6-dia2omethyl- 
[1 ,3.5]tria2in-2-yl)-3R,5S-dimethylpiperazin-1 -yl]-pyrimidin-2-yl}-ethyl butyrate 
(prepared according to the method of Example 236, Step A, 1.5 g. 3.2 mmol) was 
dissolved in ethyl acetate (20 mL) and 10% aqueous sulfuric acid (5 mL) was added 

20 slowly at ambient temperature, stinted 5 min then basified to pH 9 with 6 N aqueous 
sodium hydroxide. The separated ethyl acetate layer was washed once with brine, 
dried over magnesium sulfate, and concentrated to a semi-solid. To a freshly 
prepared solution of sodium methoxide. generated by dissolving sodium metal (0.92 
g, 4.0 mmol) in methanol (6 mL). was added the crude solid (0.89 g, 2.0 mmol). This 

25 mixture was stirred for 4 h at ambient temperature then evaporated to dryness. The 
residue was purified by flash chromatography (95:5 dichloromethanermethanol) to 
give the title compound as a white solid. 0.084 g (13%). 'H NMR (CDCIa, 300 MHz) 8 
1.23 (d. 6H). 1.49 (d, 3H). 3.14-3.21 (m, 2H). 3.96 (m, 2H). 3.90 (s, 3H). 4.18-4.38 (m. 
2H). 4.69 (q. 1H), 4.97 (m. 2H). 6.44 (d. 1H), 8.20 (d. 1H); mp: 170-171 X; MS (CI) 

30 376 (MH*); [a]o +16.6 (c 1.0, MeOH). 

Example 237 

1R-l4-r4-(4-Methoxvmethvl-f1.3.51triazin-2-vlV3R.5S-dimethvl-Piperazin-1-vn- 
pyrimidin-2-vlVethanol . 
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Me ) Me 

MeO — ^ Me 

^*®P 1R-{4-f4-(4-Chlon>6-methnwmpfhvl-fi.3.51tria7.n.9.un . 3R.5S.Him»fhY i- 
piperazin-1-Yll-pYrimidin-2-Yl}-ethylh.ifYratP . 1R-{4-[4-(4.Chtoro-6-dia2omethy|. 

[1.3.5]triazin-2-yl)-3R,5S-dlmethylpiperazin-1-yO-pyrimidin-2-yl}-ethylbutyrate 
(prepared according to the method of Example 236. Step A. 1.5 g. 3.2 mmol) was 
dissolved in methanol (10 mL) and 10% aqueous sulfuric add (3 mL) was added. 
This mixture was stirred at ambient temperature for 1 h then diluted with ethyl acetate 
The separated ethyl acetate layer was washed once with saturated aqueous sodium 
Chloride, dried over magnesium sulfate, and concentrated to an oil which was purified 
by flash chromatography (99:1 dichloromethanermethanol) to give the title compound 
ofExample237.StepAasanoil. 1.02(60%). NMR (CDCI,. 300 MHz) 60.95(t 
3H). 1.26 (d. 6H). 1.58 (d. 3H). 1.67 (q. 2H). 2.41 (t. 2H). 3.24 (m. 2H). 3.51 (s 3H) ' 
4.18-4.38 (m. 4H). 4.69 (q. 1H). 4.92 (m. 2H). 6.47 (d. 1H). 8.24 (d. 1H); MS (CI) 464 
466 (MH*). - ' V ■ 

1R-f4-r4-f4-Methnxymeth vl-f1.r51t ri a7i n.2-vlV3R f^.«^.Himofhv|.pipp^^,n.^.y^ 
pyrimidin-2-ylH^thanol . To a solution of 1R-{4-[4-(4-chloro-6-methoxymethyI- 
[1 .3.5]tria2in-2-yi)-3R.5S-dimethpiperazin-1 -yl]- pyrimidin-2-yl}-ethyl butyrate 
(prepared according to the method of Example 237. Step A. 0.43 g. 0.92 mmol) in 
methanol (8 mL) and hydrochloric acid (2 M in ethyl ether. 0.7 mL. 1.37 mmol) was 
added ammonium fomiate (0.58 g. 9.2 mmol) and 10% palladium on carton (0 085 g 
20 wt%) and heated to reflux for 3 h. The solvents were removed and concentrated ' 
hydrochloric acid (2 mL) was added and stirred at ambient temperature for 1 6 h 
basified to pH 9 with 6 N aqueous sodium hydroxide and diluted with ethyl acetate. 
The separated ethyl acetate layer was washed once with saturated aqueous sodium 
chloride, dried over magnesium sulfate, and concentrated to an oil which was purified 
by flash chromatography (9:1 dichloromethane:methanol) to give the title compound 
as a whlte^olld. 0.12 g (36%). 'H NMR (CDCI3. 300 MHz) 5 1 .25 (d. 6H). 1 .49 (d 
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3H), 3.24 (m. 2H). 3.51 (s, 3H), 4.18^.38 (m. 4H), 4.72 (q. 1H). 4.97 (m. 2H). 6.47 (d. 
1H). 8.22 (d, 1H). 8.57 (s. 1H); MS (CI) 360 (MH^. 

Examples 238 to 240 
Examples 238 to 240 were prepared from the appropriate starting materials in a 
5 manner analogous to the method of Example 237. 



N V N N (v ,N 




•Me 



Example 


R" 


R« 




R« 


mpCC) 


MS (MH^ 


238 


CHjOH 


H 


3R-Me 


5S-Me 


173-175 


346 


239 


OMe 


CHiOMe 


3R-Me 


5S-Me 


143-145 


390 


240 


CHjOH 


phenyl 


2R-Me 


6S-Me 


173-175 


422 



10 



15 



Example 241 

1R-f444-(4.6«Dimethvl41.3.51tria2in-2-\^V2R,6S<limethvlpiperazin-1-vn-p\m 
vlVethanol . 



••Me 




20 



Step A: lR44-f4-(4-Methvl-6>trichlQromethvl41.3.5nriazin-2>vlV2R.6S-dimethvl- 
Diperazin-1 ■vr|-Pvrimidin-2-vl>-ethvl butvrate . To a solution of 1R-[4-{2R.6S-dimethyl- 
piperazin-1-yI)-pyrimidin-2-yl]-ethyI butyrate dibenzoyl-L-tartrate salt (prepared 
according to the method of Preparation Fifteen. 1.33 g. 2.0 mmol) and sodium 
bicarbonate (0.34 g, 4.0 mmol) in dimethylfonnamide (5 mL) was added 2-methyl-4,6- 
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bls-«chlorome«,yK1,3,5),.3zine(,.00g,3.0mmol;B.//.C/,™.S«: Jn„ 195. 
2924)a™,s»rr«,a,amblen„e„,pera,u,e,or,4h, The ™,>ure was *ted em^. 
acate and washed twice w»h water ana ,he ^anic layer wa, dried d«r 
magnesium sulfate and concentrated The cmde oil was purtlied by Hash 
5 Chromatography <95:5 dichloromethane.me^nol, to g^ the «e compound 0, 

3H). 1^ (m. 6H). 1.56 (d. 3H), 1.66 (m. 2H), 2.37 (m. 2H). 2.55 (s 1H) 3 27 (m 1 
..^^..,„.2HM.S4,m,2H,..e7,,.,H,.^^^ 

1.3.5»„az,n-2-y,>2R.6Sdimee,ylpipera.in.1-y,.pynmidin-2-ylH,hy,bu^L 

^ne^acco,dingJo.hemet,x,do,Example24,,s,epA,0.66g,,.2mmol,a„d 
^-4palted.„oncar6on(0.2g,i„«e«^an.„e0 mL)andmemanol(20mLl^s 

the fl«,«e was concentrated ,0 a s* which was dissolved in concentrated 
M™*^ acd (2 mL, and ^ ,„ 6 hours. TNs rr^xture was dOuted wi»,tater 
bas« 10 pH 9 * 6 N aqueous sodium hydraode, and extracted into 
dichloromethane. extract was washed tvice With water, o™» with saturated 

2r„ , °^«^<^feop,opyl 
eeier to g,„e the «tie compound as a white solid. 0.25 g (56%). 'H NMR (CDCI 3^ 
MHZ, . ,.2, ,d. 5H, 1.4S ,d. 3H, 2.40 ,s. SH, 3.16 („, 2Hy Ls.,sTZ''^, 

25 laJo +17.2 (c 1.0. MeOH). /^uwn;. 

Example P4i> 
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Me Me 



Step A: 4-Methvl-6-trichloromethvl-ri .3.51triazin-2-vl methanesulfonate . To a 
solution of 2-hydroxy-4-methyl-6-trichloromethyI-[1,3,5]triazine (1.14 g, 5.0 mmol; J. 
Amen Chem. Soc. 1956. 78, 2447) and triethylamine (0.51 g, 5.5 mmol) in 
5 dichloromethane was added methanesulfonyl chloride (0.57 g. 5.0 mmol) at 0 and 
stin-ed for 1 h then quenched in saturated aqueous sodium bicarbonate. The 
separated organic layer was washed once with saturated sodium chloride, dried over 
magnesium sulfate and filtered. The filtrate was evaporated to give the title compound 
of Example 242, Step A as an orange oil, 0.98 g (65%) which was used directly 

10 without any further purification, MS (CI) 291,293 (MH*). 

Step B: 1 R-f4>r3R.5S-Dimethvl-4-f4-methvl-6-trichloromethvl-ri .3.51triazln-2>vlV 
Dioerazin-I *vn-Dvrimidin-2-vlVethvl butvrate . To a solution of 1 R-I4-(3R,5S-dimethyl- 
piperazin-1-yl)-pyrimidin-2-yi]-ethyI butyrate (prepared according to the method of 
Preparation Three, 0.62 g. 2,0 mmol) and sodium bicarbonate (0.34 g, 4.0 mmol) In 

1 5 dimethylfomiamide (5 mL) was added 4-methyl-6-trichloromethy41 ,3,5]triazin-2-yl 
methanesulfonate (prepared according to the method of Example 242, Step A, 1.00 g. 
3,0 mmol) and stirred at ambient temperature for 14 h. The mixture was diluted with 
ethyl acetate and washed twice with water and the organic layer was dried over 
magnesium sulfate and concentrated. The crude oil was purified by flash 

20 chromatography (ethyl acetate) to give the title compound of Example 242, Step B as 
a clear oil. 0.41 mg (96%). NMR (CDCIa. 300 MHz) 6 0.95 (t, 3H), 1.22 (m, 6H). 
1.56 (d, 3H). 1.66 (m. 2H), 2.37 (m, 2H), 2.55 (s, 3H), 3.27 (m. 2H), 4.48^.78 (m, 2H), 
4.84 (m. 2H). 5.67 (q. 1H), 6.32 (d, 1H), 8.22 (d. 1H); MS (CI) 517, 519 (MH*). 
Step C: 1 R44»r4-f4.6-Dimethvl-f 1 .3.51triazin-2-vn-3R.5S'dimethvl-Diperazin-1 -vll- 

25 Dvrimidin-2-vlV-ethanol . A suspension of 1R-{4-I3R,5S-dimethyM-(4-methyl-6- 
trichloromethyl-[1 ,3,5]triazin-2-yl)-piperazin-1 -yl]-pyrimidin-2-yl}-ethyl butyrate 
(prepared according to the method of Example 242, Step B, 0.65 g, 1 .2 jnmol) and 
10% palladium on carbon (0.2 g, 30 wt%) in triethylamine (1 mL) and methanol (20 
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mL) was hydrogenated at 40 psi for 0.5 h using a Parr apparatus. The calalyst was 
filtered off and the filtrate was concentrated to a solid which was dissolved in 
concentrated hydrochloric acid (3 mL) and stirred for 6 h. This mixture was diluted 
with water, basified to pH 9 with 6 N aqueous sodium hydroxide, and extracted into 
dichloromethane. The extract was washed twice with water and once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
concentrated to a clear oil which crystallized from isopropyl ether to give the title 
compound as a white solid. 0.25 g (23%). 'H NMR (CDCI,. 300 f^Hz) 5 1.21 (d 6H) 
1.49 (d. 3H). 2.40 (s. 6H). 3.16 (m. 2H). 4.45^.68 (m. 2H). 4.71 (q. 1H). 6.42 (d 1H)' 
8.20 (d. 1H); MS (CI) 344 (MH*); mp: 157-159 «C: [a], +17.2 (c 1.0. IVIeOH). 

Examples 243 to 24fi 
Examples 243 to 246 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 242. 



15 



W ^ 



•Me 



Example 
243 
244 
245 
246 



Me 
Me 
Me 
Me 



R" 

phenyl 
phenyl 
tetrahydrofuran-2-yl 
o-tolyl 



2R^e 
3R-Me 
2R-Me 
2R-Me 



R* 

es^Me 
5S-Me 
6S-Me 
6S-Me 



mp(»C) MS(MH*) 
"406" 

132-134 406 
428 

148-150 436 
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Step A: 2-Trifluoroacetvl-1 .2.3.4*tetrahvdrD-isoQu}noline-7-sulfonic add 
dimethvlamide . A mixture of 2-trifluoroacetyl-1 ,2,3.4-tetrahydro-isoquinoline-7- 
sulfonyl chloride (400 mg, 1.22 mmol, J. Med. Chem. 1980, 23, 837), dimethylamine 
5 hydrochloride (1 50 mg. 1 .83 mmol), and triethylamine (0.50 mL. 3.66 mmol) in 
dioxane (10 mL) was refluxed with stining for 30 min, cooled to room temperature, 
concentrated, and purified by flash column chromatography (10-»50% ethyl 
acetate/hexanes) to give 337 mg (82%) of the title compound of Example 247. Step A 
as a yellow oil. NMR (CDCI3. 300 MHz, 9:5 mixture of rotamers) 5 7.67-7.52 (c, 
10 2H). 7.36 (t. 1H). 4.87 (s. 1.3H). 4.81 (s, 0.7H). 3.96-3.86 (c. 2H), 3.08-3.02 (c. 2H), 
2.72 (s. 6H); MS (TS) 337 (MH*). 

Step B: 1.2.3.4-Tetrahvdro-isoQuinoline'7'Sulfonicacid dimethvlamide . A mixture of 
2-trifIuoroacetyl-1 ,2,3,4-tetrahydro-isoquinoline-7-sulfonic acid dimethylamide 
(prepared according to the method of Example 247, Step A, 337mg, 1 .0 mmol) and 

1 5 potassium carbonate (207 mg, 1 .5 mmol) in a 3:1 mixture of methanol/water (1 0 mL) 
was stirred at room temperature for 1 h and concentrated. The remaining aqueous 
residue was extracted with 10% isopropanol/chloroform (7x) and the combined 
organic extracts were dried over sodium sulfate, filtered, and evaporated to give 214 
mg (89%) of the title compound of Example 247, Step B as a white solid. NMR 

20 (CD3OD. 300 MHz) 6 7.52 (d, 1 H), 7.48 (s. 1 H), 7.36 (d, 1 H). 4.90 (s, 2H), 3.1 1 (t. 2H). 
2.91 (t. 2H), 2.65 (s. 6H); MS (CI/NH3) 241 (MH*). 

Step C: fRV1-r4-f7-Dimethvlsulfamovl-3.4-dihvdro-1H-isoguinolin-2-vlVDVrimidin-2- 
yfl-ethvl acetate . To a solution of 1,2,3.4-tetrahydro-isoquinoline-7-sulfonic acid 
dimethylamide (prepared according to the method of Example 247, Step B, 210 mg, 
25 0.88 mmol) in isopropanol (5 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl 
acetate (prepared according to the method of Preparation Five, 175 mg, 0.88 mmol) 
followed by triethylamine (0.24 mL, 1.75 mmol). This mixture was stin'ed at room 
temperature for 1 .75 h then heated to reflux for 1 .5 h, cooled to room temperature, 



\ 
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15 



20 



evaporated, and purified by flash column chromatography (1% methanol/chloroform) 
to give 327 mg (92%) of the title compound of Example 247, Step C as a white solid. 

NMR (CDCIa, 250 MHz) 5 8.28 (d, 1H), 7.68-7.58 (c. 2H). 7.47 (d, 1H), 6.44 (d, 1H), 
5.72 (q. 1H). 4.86 (s. 2H). 3.92 (t. 2H). 3.05 (t. 2H). 2.73 (s. 6H). 2.19 (s. 3H). 1.62 (d. 
3H); MS (TS)431 (MH^ 

Step D: (RV2-\2-( 1 -Hvdroxv-ethvlVpvrimidin^>vn-1 .2.3.4-tetrahvdroHSOQuinoline-7» 
sulfonic acid dimethvlamide . To a solution of (R)-1-[4-(7-dimethylsulfamoyl-3,4- 
dihydro-1HHSoquinolin-2-yl)-pyrimidin-2-yl]-€thyl acetate (prepared according to the 
method of Example 247. Step C, 326 mg, 0.81 mmol) in a 4:1 mixture of 
methanol/water (8 mL) was added lithium hydroxide hydrate (170 mg. 4.0 mmol). 
This mixture was stirred at room temperature for 50 min, concentrated, re-suspended 
in water, and extracted with 10% isopropanol/chloroform (3x). The combined organic 
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash 
column chromatography (1% methanol/chiorofomri) to give a white foam which was 
further purified by recrystallization from ether/methanol to give 90 mg (31 %) of the title 
compound as a white solid, mp: 120.5-122 'C; NMR (CDCI3. 300 MHz) 5 8.24 (d. 
1H), 7.62-7.59 (c. 2H). 7.35 (d. 1H). 6.44 (d. 1H). 4.83 (s. 2H). 4.73 (q. 1H). 4.34 (br s. 
1H). 3.93-3,85 (c, 2H), 3.03 (t. 2H). 2.71 (s. 6H). 1.52 (d. 3H); MS (TS) 363 (MH*). 

Example248. 

1-r4-(6-Thi0Dhen-3-vl-3.4-dihvdro-1HHS0Quinolin-2-vlVDvrimidin»2-vn->ethanol . 



Step A: 6-Thiophen-3-vl-3.4-dihvdro-1 H-isoauinoline-2-carboxvlic acid tert-butyl 
ester . A mixture of bis(ben2onitri!e)palladium(ll) chloride (30 mg. 0.079 mmol) and 
1.4-bis(diphenylphosphino)butane (33.6 mg, 0.079 mmol) in toluene (3 mL) was 
stinted at room temperature for 20 min. To this mixture was added 6- 
trifluoromethanesulfonyloxy-3,4-dihydro-1 H-isoquinoline-2-carboxylic acid tert-butyl 
ester (300 mg, 0.79 mmol. Synth, Commun, 1995, 25. 3255). thiophene-3-boronic 
add (131 mg, 1.02 mmol). 1 M aqueous sodium carbonate (1.57 mL. 1.57 mmol). and 
ethanol (2 mL). This dark mixture was heated to reflux with stining under nitrogen 
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overnight, cooled to room temperature, diluted with saturated aqueous sodium 
bicarbonate, and extracted with ethyl acetate (4x). The combined organic extracts 
were dried over sodium sulfate, filtered through Celite. evaporated, and purified by 
flash column chromatography (hexanes-»5% ethyl acetate/hexanes) to give 252 mg 
5 (100%) of the title compound of Example 248, Step A as a pale yellow waxy solid. 
NMR (CDCI3. 250 MHz) 5 7.47-7.38 (c, 5H), 7.14 (d. 1H). 4.60 (s. 2H). 3.72-3.64 (c, 
2H). 2.95-2.82 (c, 2H). 1.52 (s, 9H); MS (TS) 316 (MH*). 

Step B: 6-ThioDhen-3-vl-3.4-dihvdro-1 H-isoguinoline hydrochloride . A mixture of 6- 
(thiophen-3-yI-3,4-dihydro-1H-isoquinoline-2-carboxylic acid tert-butyl ester (prepared 

10 according to the method of Example 248, Step A, 250 mg, 0.79 mmol) and 

hydrochloric add (4 M in dioxane, 6 mL, 23.8 mmol) was stinred at room temperature 
for 1 h and concentrated to give 170 mg (86%) of the title compound of Example 248, 
Step B as a yellow solid that was used without purification in the next step. NMR 
(CD3OD, 250 MHz) 5 7.66 (m. 1H). 7.61-7.53 (c. 2H). 7.51-7.42 (c. 2H). 7.23 (d. 2H). . 

15 4.38 (s, 2H). 3.52 (t, 2H). 3.16 (t. 2H); MS (TS) 216 (MH*). 

Step C: (RV1-r4-(6-Thiophen-3-vl-3.4-dihvdro-1H-isoQuinolin-2-vn-Dvrimidin-2-vn- 
ethvl acetate . To a solution of 6-thiophen-3-yl-3.4-dihydro-1H-isoquinoline 
hydrochloride (prepared according to the method of Example 248, Step B. 170 mg, 
0.68 mmol) in isopropanol (6 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl 

20 acetate (prepared according to the method of Preparation Five, 136 mg, 0.68 mmol) 
followed by triethylamine (0.28 mL. 2.04 mmol). This mixture was stin-ed at reflux for 
7 h, cooled to room temperature overnight, evaporated, and purified by flash column 
chromatography (0.5^1% methanol/chlorofonn) to give 253 mg (98%) of the title 
compound of Example 248, Step C as a yellow solid. 'H NMR (CDCI3. 250 MHz) 8 

25 8.26 (d. 1H), 7.52-7.36 (c, 6H). 6.43 (d, 1H), 5.73 (q. 1H), 4.76 (s. 2H). 3.96-3.82 (c. 
2H). 3.02 (t, 2H). 2.21 (s. 3H). 1.63 (d. 3H); MS (TS) 380 (MH*). 
Step D: 1-f4-(6-Thiophen-3-vl-3.4-dihvdro-1H-isoQuinolin-2-vn-Dvrimidin-2-vn-ethanol . 
To a solution of (R)-1-[4-(6-thiophen-3-yl-3.4<lihydro-1H-isoquinolin-2-yl)-pyrimidin-2- 
yl]-€thyl acetate (prepared according to the method of Example 248, Step C, 253 mg. 

30 0.67 mmol) in a 3:1:1 mixture of methanol/tetrahydrofuran/water (5 mL) was added 
lithium hydroxide hydrate (84 mg, 2.0 mmol). This mixture was stin-ed at room 
temperature for 1 h. concentrated, re-suspended in water, and extracted with 
chloroform (4x). The combined organic extracts were dried over sodium sulfate, 



wo 00/59510 



PCT/IBOO/00296 



-240- 

filtered, evaporated* and purified by flash column chromatography (2% 
methanol/chloroform) to give a yellow solid which was further purified by 
recrystallization from ether/methanol to give 163 mg (72%) of the title compound as a 
white solid, mp: 125.5-127.5 °C; NMR (CDCI3. 300 MHz) 5 8.22 (d, 1H). 7.47-7.35 
5 (c. 5H). 7.22 (d, 1 H). 6.42 (d. 1 H), 4.78^.72 (c, 2H). 4.46 {br s. 1 H), 3.93-3.84 (c. 2H). 
2.99 (t, 2H), 1.54 (d, 3H); MS (APCI) 338 (MH^). 

Examples 249 to 252 
Examples 249 to 252 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 248. 

10 




Example 




mprC) 


MS(MH^) 


249 


6-thiophen-2-yl 


104-105 


338 


250 


6-pyiimidin-5-yl 




334 


251 


7-pyrimidin-5-yl 


135-137 


334 


252 


6-hydroxy 




272 



15 Examples 253 to 258 

Examples 253 to 258 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 86. 
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Example 


R" 


mprC) 


MS (MH*) 


253 


H 


79-82 


258 


254 


Me 




272 


255 


CF3 


130-132 


326 


256 


NHj 


208-210 


273 


257 


Ph 


128-131 


334 


258 


pyridin-4-yl 


144-148 


335 



5 Example 259 

(RV1,r4-(3-Benzothia2Ql-2-vl-5,6-dihvdro-8H-ri .2.41triazolof4.3>alDvra2in-7-vlV 
pvrimidin-2-vl1-ethanoL 



Q X^N N — (\ ,N 

Step A: 5-Ethoxv-3.6-<jihvdro2H-Dvrazine-1-carboxvlicacid benzvl ester . To a 
10 solution of 3-oxo-pipera2ine-1-carboxylic acid benzyl ester (2.0 g, 8.54 mmol, 
Maybridge) in dichloromethane (18 mL) at room temperature was added 
triethyloxonium tetrafluoroborate (4.1 g. 21.3 mmol). This mixture was allowed to stir 
for about 3 days tlien quenched by the addition of ice chips followed by saturated 
aqueous sodium bicarbonate until a neutral pH was obtained. The organic layer was 
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separated and the aqueous layer was extracted with chloroform (3x). The combined 
organic extracts were washed with brine (1x), dried over sodium sulfate, and 
concentrated to give 2.1 1 g (95%) of the title compound of Example 259, Step A as a 
slightly yellow oil that was sufficiently pure to carry on to the next step. NMR 
5 (CDCI3, 300 MHz) 5 7.43-6.97 (c, 5H), 5.17 (s, 2H). 4.10 (q, 2H). 3.98 (s, 2H), 3.60- 
3.40 (c. 4H). 1.27 (t. 3H); MS (APCI) 263 (MH*). 

Step B: 3-Ben20thia2ol-2'Vl-5.6-dihvdro-8H-ri.2.41tria2olor4.3-alDvra2ine-7-carbQxviic 
acid benzyl ester . A mixture of 5-ethoxy-3,6-dihydro-2H-pyra2ine-1-carboxylic acid 
benzyl ester (prepared according to the method of Example 259. Step A. 490 mg. 

10 1 .87 mmol) and ben2othiazole-2-carboxylic acid hydrazide (360 mg. 1.87 mmol; J. 
Org. Chem. 1958. 23, 1344) in n-butanol (2 mL) was stirred at reflux overnight, cooled 
to room temperature, concentrated, and purified by flash column chromatography (1% 
methanol/chloroform) to give 580 mg of the title compound of Example 259, Step B 
(contaminated with an equimolar amount of benzothiazole-2-carboxylic acid hydrazide 

15 which was removed in the subsequent step) as a yellow solid. 

Step C: 3-Benzothiazol-2-vl-5.6-dihvdro-8H-f1 .2.41triazolor4.3-a1Pvrazine . To a 
solution of 3-benzothiazol-2-yl-5,6-dihydro-8H-[1 .2.4]triazoIo[4,3-a]pyrazine-7- 
carboxylic acid benzyl ester (prepared according to the method of Example 259. Step 

B. 580 mg, contaminated with benzothiazole-2-carboxylic acid hydrazide) in 

20 dichloromethane (l OmL) at 0 was added a solution of boron tribromide (1 M in 
dichloromethane, 4.45 mL,4.45 mmol). This mixture was warmed to room 
temperature overnight, quenched by addition of water, and concentrated. The 
residual aqueous layer was washed with ether (6x). neutralized with saturated 
aqueous sodium bicarbonate, and extracted with 10% isopropanol/chlorofomi (3x). 

25 The combined organic extracts were dried over sodium sulfate, filtered, evaporated, 
and purified by flash column chromatography (1-»10% methanol/chlorofonm) to give 
175 mg (36%. two steps) of the title compound of Example 259. Step C as a white 
solid. NMR (CDCIa. 300 MHz) 8 8.05 (d. 1H), 7.96 (d, 1H). 7.57-7,41 (c. 2H). 4.62 
(t, 2H). 4.36 (s. 2H). 3.35 (t. 2H); MS (APCI) 258 (MH*). 

30 Step D: (RV1-r4-f3-Benzothiazol-2-vl>5.6-dihvdro>8H>ri.2.41triazolor4.3->alDvrazin-7- 
vlVDVrimidin-2>vl]'ethvl butvrate . A mixture of 3-benzothiazol-2-yl-5,6-dihydro-8H- 
[1,2.4]triazolo[4,3-a]pyrazine (prepared according to the method of Example 259, Step 

C. 170 mg, 0.66 mmol), (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared 
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according to the method of Preparation Seven. 150 mg, 0.66 mmol), and triethylamine 
(0.28 mL. 1 .98 mmol) in n-butanol (2.2 mL) was heated to reflux overnight, cooled to 
room temperature, evaporated, and purified by flash column chromatography (1% 
methanol/chloroform) to give 224 mg (76%) of the title compound of Example 259. 
5 Step D as a colorless solid. NMR (CDCI3. 300 MHz) 6 8.37 (d. 1H), 8.08 (d. 1H). 
7.97 (d. 1H), 7.57-7.43 (c. 2H). 6.53 (d. 1H). 5.71 (q. 1H). 5.09 (s. 2H). 4.82 (t. 2H). 
4.33^.26 (c. 2H), 2.42 (t. 2H). 1.78-1.64 (c, 2H). 1.61 (d. 3H). 0.99 (t. 3H); MS (APCI) 
450 (MH*), 

Step E: fRV144-(3-Benzothia2ol>2-vl-5.6-dihvdro-8H>ri.2.41tria2olof4.3>a1pvrazin-7- 
1 0 vlVDvrimidin-2-vll>ethanol . To a solution of (R)-1 -[4-(3-benzothiazol-2-yl-5.6-dihydro- 
8H-[1.2.4]triazoio[4.3-a]pyrazin-7-yl)-pyrimidin-2-yO-€thyl butyrate (prepared according 
to the method of Example 259. Step D, 220 mg, 0.49 mmol) in a 3:1:1 mixture of 
tetrahydrofuran/methanol/water (5 mL) vjas added lithium hydroxide hydrate (62 mg. 
1 .47 mmol). This mixture was stin^ed at room temperature for 3 h. concentrated, and . 
15 extracted with chloroform (3x). The combined organic extracts were dried over 

sodium sulfate, filtered, evaporated, and purified by flash column chromatography (5% 
methanol/chloroform) to give 192 mg (100%) of the title compound as a colorless 
solid, mp: 216.5-218.5 ^C; NMR (CDCI3. 300 MHz) 5 8.37 (d. 1H), 8.06 (d. 1H). 
7.97 (d. 1 H), 7.56-7.45 (c, 2H), 6.56 (d. 1H). 5.1 1 (s. 2H). 4.83 (t, 2H). 4.77 (m. 1H). 
20 4.35^.25 (c. 2H). 4.16 (s. 1H). 1.54 (d. 3H); MS (APCI) 380 (MH^). [ak +14.2 (c 1.0. 
CHCI3). 

Examples 260 to 263 
Examples 260 to 263 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 259. 



25 
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Example 


R» 


mpro 


MS (MH*) 


260 


phenyl 


161-164 


323 


261 


quinoxalin-6-yl 


212-215 


375 


262 


benzothiophen-2-yl 


224-226 


379 


263 


biphei>4-yl 


123-125 


399 



5 Example 264 

fRV1-r4-(SDirorbenzothia20line-2.4''DiDeridine1VDvrimidin-2'>vn-ethanol . 




••••Me 



H 



Step A: SDirorbenzothiazolin-2.4-DiDeridine1 hydrochloride . To a solution of 1- 
ben2ylspiro[benzothia2oline-2.4-piperidine] (500 mg, 1.69 mmol; Indian J. Chem. 

1 0 1 976. 14B, 9S4) in acetone (5 mL) at 0 was added 1 -chloroethyl chloroformate 
(0.37 mL. 3.38 mmol). This mixture was stin-ed at 0 for 2 h. warmed to room 
temperature, and concentrated. The residue was purified by flash column 
chromatography (10-->25% ethyl acetate/hexanes) to give the intemnediate carbamate 
which was refluxed in methanol (2 mL) for 30 min. Evaporation of the reaction mixture 

1 5 provided 1 28 mg (3 1 %) of the title compound of Example 264, Step A as a white solid. 
NMR (CD3OD. 400 MHz) 5 6.98 (dd. 1H). 6.88 (t. 1H). 6.68-6.64 (c. 2H). 3.48-3.34 
(c, 2H), 3J25-3.1 1 (c. 2H). 2.39-2.20 (c. 4H); MS (APCI) 207 (MH*). 
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Step B: f RV144-(Spirofbenzothia20line-2,4-DiDeridine1)-Dvrimidin-2-vl1-ethvl butvrate . 
To a solution of spiro[ben20thiazolin-2.4'-piperidine] hydrochloride (prepared 
according to the method of Example 264. Step A, 147 mg, 0.60 mmol) in isopropanol 
(4 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according 
5 to the method of Preparation Seven. 140 mg. 0,60 mmol) followed by triethylamine 
(0.25 mL, 1.8 mmol). This mixture was stinted at reflux for 2 h, concentrated, and 
purified by flash column chromatography (1%-^2% methanol/chlorofonm) to give 210 
mg (88%) the title compound of Example 264. Step B as a yellow oil, NMR (CDCI3, 
300 MHz) 6 8.20 (d. 1H). 7.09 (dd. 1H). 6.95 (t. 1H). 6.78 (t. 1H). 6.68 (d. 1H). 6.40 (d. 
10 1H). 5.68 (q. 1H). 4.32-4.18 (c. 2H). 4.02 (s. 1H). 3.38-3.25 (c. 2H). 2.39 (t. 2 h), 2.36- 
2.25 (c. 2H). 1.99-1.83 (c. 2H), 1.75-1.64 (c, 2H), 1.57 (d. 3H). 0.96 (I. 3H); MS (APCI) 

399 (MH"). 

Step C: (R)-1-f4-(Spirofbenzothia2ol(ne-2.4'-piDeridine1Vpvrimidin-2-vn-ethanol . A 
mixture of (R)-1 -[4-(spiro[benzothiazoline-2.4 -piperidine])-pyrimidin-2-yl]-ethyl 

15 butyrate (prepared according to the method of Example 264. Step B, 204 mg, 0.51 
mmol) and lithium hydroxide hydrate (65 mg, 1 .53 mmol) in a 2:2:1 mixture of 
tetrahydrofuran/methanolAvater (5 mL) was stirred at room temperature for 1 h. The 
organic solvents were evaporated and the residue was extracted with 10% 
isopropanol/chloroform (3x), The combined organic extracts were dried over sodium 

20 sulfate, filtered, evaporated, and purified by flash column chromatography (2% 
methanol/chloroform, 2x) to give a red foam which was further recyrstallized (ethyl 
acetate) to give 42 mg (25%) of the title compound as a yellow solid. NMR (CDCI3, 

400 MHz) 6 8.18 (d, 1H). 7,07 (d. 1H), 6.93 (td, 1H). 6,78 (td. 1H). 6.69 (d. 1H), 6.42 
(d. 1H), 4.69 (m, 1H). 4.35^.16 (c. 3H). 4.02 (s. 1H). 3.41-3.28 (c. 2H). 2.37-2.24 (c, 

25 2H), 1 .99-1 .85 (c, 2H). 1 ,49 (d. 3H); MS (APCI) 329 (MH*); [a]o +17.3 (c 1 ,0, MeOH). 
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Example 265 



4-[2-(1R-Hvdroxv-ethvlVpvrimidin-4-vn-3R.5S>dimethvl-piDerazine-1-^ add 
methyl ester. 



5 To a solution of 1 R-[4-(2R,6SKllrnethyl-plperazln--1-yl)-pyrimidln-2-yl]-ethyi butyrate 
(prepared according to the procedure of Preparation Four, 70 mg, 23 pmol) in 
tetrahydrofuran (2 mL) at room temperature under nitrogen was added triethylamlne 
(63 mU 46 pmoi) followed by methyl chlorofomiate (21 pL, 27 pmol). This mixture was 
stirred for 1 h and concentrated. The residue was dissolved in a 3:1:1 mixture of 

1 0 methanol/tetrahydrofuran/water (2 mL) and lithium hydroxide hydrate (29 mg, 69 
pmol) was added. This mixture was stirred for 1 h, concentrated, re-suspended In 
water, and extracted with 10% isopropanol/chlorofomn (4x). The combined organic 
extracts were washed with saturated aqueous sodLuni bicarbonate (1x), dried over 
sodium sulfate, filtered, and evaporated to give 50 mg (74%, 2 steps) of the title 

1 5 compound as a colorless oil. NMR (CDCI3. 400 MHz) 5 8.21 (d. 1 H), 6.33 (d, 1 H), 
4.70 (m. 1H). 4.63-3.92 (c, 5H). 3.76 (s, 3H). 3.20-3.02 (c. 2H), 1.50 (d, 3H), 1.25 (d, 
6H); MS (APCI) 295 (MH*); [a]o +19.0 (c 0.9, MeOH). 



1 R-(444-r2-f 1 R-Butvrvloxv-ethvl Vpvrimidin-4-vn-2R.6S-dimethvl-p!pera2in-1 -vIV- 
20 pvrimidin-2-vl)-ethvl butvrate . 



HO 




Example 266 




To a solution of 1R-[4-(2R,6S-dimethyl-pipera2in-1-yl)-pyrimidin-2-yl]-ethyl butyrate 
(prepared according to the procedure of Preparation Four, 200 mg, 0.65 mmol) in 
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isopropanol (2 mL) at room temperature was added triethylamine (0.18 mU 1.31 
mmol) followed by (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according 
to the procedure of Preparation Seven, 150 mg. 0.65 mmol). This mixture was heated 
to reflux for 18 h, cooled to room temperature, concentrated and purified by flash 
5 column chromatography (1 % methanol/chlorofomn) to give 321 mg (99%) of the title 
compound as a yellow oil. NMR (CDCI3, 400 MHz) 5 8.22 (d. 2H), 6.43 (d, 1H), 
6.32 (d. 1H). 5.68 (q, 2H), 4.72-4.24 (c. 4H), 3.30-3.12 (c, 2H). 2.39 (t. 4H). 1.77-1.63 
(c. 4H). 1.57 (d, 6H). 1.28-1.17 (c, 6H),0.96 (t. 6H); MS (APC!) 499 (MH*). 

Example 267 

10 4-l4-r2-f1R-Hvdroxv-ethvn-Dvrimidin-4-vn-2R.6S-dimethvl-DiDera2in-1-vlV6-methvl- 
ri.3.51triazin-2-ol. 

Me Me 




MelHH.Y Me OH 

OH 

1 R-{4-[4-(4-Chloro-6-methyK1 .3,5]tria2in-2-yl)-3R,5S-dimethylpipera2in-1 -yQ- 
pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of Example 213, Step 

15 A, 0.30 g, 0.70 mmol) was added to concentrated hydrochloric acid (3 mL) and heated 
to reflux for 12 h. The mixture was neutralized to pH 7 with solid sodium bicarbonate 
and extracted into chlorofomi. The organic extract was dried over sodium sulfate and 
filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (92:8 chloroformrmethanol) to give the title compound as a white 

20 solid, 0.1 5 g (64%). NMR (CDCI3. 300 MHz) 51 .21 (d. 6H). 1 .49 (d. 3H), 2.36 (s. 
3H), 3.21-3.27 (m. 2H), 4.22-4.43 (m, 2H). 4.63 (m. 2H), 4.69 (q. 1H), 6.42 (d, 1H). 
8.18 (d. 1H); mp: 247-248 ^C; MS (01) 346 (MH*). 

Examples 268 to 275 
Examples 268 to 275 were prepared from the appropriate starting materials in a 

25 manner analogous to the method of Example 267. 
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HQ r6 
Nv /)--N N 

p11 S r7 6 




Example 




R' 


R^ 


mp(»C) 


MS (MH*) 


268 


H 


3R-Me 


5S-Me 


>250 


332 


289 


isopropyl 


3R-Me 


5S-Me 


>250 


374 


270 


(^dohexyl 


3R-Me 


5S-Me 


>250 


414 


271 


phenyl 


3R-Me 


5S-Me 


>250 


408 


272 


cydopropyl 


3R-Me 


5S-Me 


>250 


372 


273 


methyl 


2R-Me 


6S-Me 


>250 


346 


274 


cydopropyl 


2R-Me 


6S-Me 


>250 


372 


275 


phenyl 


2R-Me 


6S-Me 


>250 


408 



5 Example 276 

(EVf4>Oxo-3-(5-t rifluoromethvl-ben2othia20l-2-vlmethvlV3.4-dihvdro-Dht^ 
vn-acetic acid 1 R 44-r4-f3-thioDhen-2-vl-acrvlovlVDiDerazin-1-vn-Pvrimidin-2-vi\-ethvl 
ester . 




10 To a solution of [4HDxo-3-{5-trifluoromethyl-benzothiazol-2-ylmethyl)-3.4-dihydrc>- 
phthala2in-1-yl]-acetic acid (0.59 g. 1.41 mmol) in dichloromethane (30 mL) and 4- 
dimethylaminopyridine (0.18 g. 1.41 mmol) was added 1-(3-dimethylaminopropyI)-3- 
ethylcarbodiimide hydrochloride (0.54 g. 2.82 mmol) followed by (E)-H4-[2-(1R- 
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hydroxy-ethyl)-pyrimidin-4-yl)-piperazin-1-yl}-3-thiophen-2-yl-propenone (prepared 
according to the method of Example 127, 0.49 g, 1 .41 mmol) at ambient temperature 
and stin-ed for 20 h. The mixture was washed once with saturated aqueous sodium 
bicarbonate, once with saturated aqueous sodium chloride, dried over magnesium 
5 sulfate and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (ethyl acetate) to give the title compound as a white foam. 0.65 g 
(62%). 'H NMR (CDCI,. 300 MHz) 8 1 .51 (d, 3H). 3.41-3.77 (m, 8H), 4.28 (m. 2H). 
5.18 (q. 1H). 5.79 (d. 1H). 6.35 (d. 1H), 6.68 (d. 1H). 7.05, (m, 1H). 7.32 (d. 1H). 7.68 
(m. 1H). 7.71-7.90 (m. 5H). 8.18 (d, 1H), 8.27 (d. 1H). 8.46 (m, 1H); mp: 105-109 °C; 
10 MS (CI) 746 (MH*); [aJo +49.2 (c 1 .0. MeOH). 

Example 277 

fEVf4-Oxo-3-f5-trifluoromethvl-benzothia2ol-2-vlmethvh-3.4-dihv dro-Dhthalazin-1- 
yl]-acetic acid lR-f4-(4-Quinoxalin-2-vl-DiDera2in-1-vlV Dvrimidin-2-vn-ethvl ester. 




15 Example 277 was prepared from the appropriate starting materials in a manner 

analogous to the method of Example 276. 'H NMR (CDCI3. 300 MHz) 5 1.53 (d. 3H). 
3.38-3.87 (m, 8H), 4.28 (m. 2H). 5.18 (q. 1H), 6.35 (d. 1H), 7.68 (m. 1H). 7.68-7.94 
(m, 8H), 8.18 (d. 1H). 8.21-8.37 (m, 2H). 8.46 (m. 1H); mp: 108-1 12 »C; MS (CI) 738 
(MH*). 

20 2-Methoxvmethv!-4-DiDerazin-1-vl-Dvrimidine . 

Step A: 2-Methoxvmethvl-Dvrimidin-4-vl-methanesulfonate . To an ice cold solution of 
2-methoxymethyl-3H-pyrimidin-4-one (35.0 g, 250 mmol; US 5,215.990) and 
triethylamine (25.6 g, 250 mmol) in dichloromethane (250 mL) was added 
methanesulfonyl chloride (28.6 g. 250 mmol) dropwise. This mixture was allowed to 

25 wami slowly to room temperature over 1 h then washed successively with saturated 
aqueous sodium bicarbonate and water. The organic layer was dried over 
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magnesium sulfate, filtered, and evaporated to give the title compound of Preparation 
One, Step A as a tan solid, 49.2 g (90%). NMR (CDCIg. 300 MHz) 5 3.55 (s, 3H), 
3.82 (s. 3H). 4.42 (s. 2H), 6.36 (d. 1H). 8.12 (d, 1H); mp: 39-40 «C; MS (TS) 219 
(MH*). 

5 Step B: 2-Methoxvmethvl-4-piDerazin-1-vl-Dvrimidine . To a solution of 2- 

methoxymethyl-pyrimidin-4-yl-methanesulfonate (prepared according to the method of 
Preparation One, Step A. 43.6 g, 200 mmol) in tetrahydrofuran (400 mL) was added 
piperazine (34.4 g, 400 mmol). This mixture was heated to reflux for 0.5 h, cooled to 
room temperature, and filtered. The filtrate was concentrated and dried under 
10 reduced pressure to give the title compound as a semi-solid, 36.6 g (85%). NMR 
(CDCI3. 300 MHz) 5 2.45 (br s. 1 H). 2.88 (m. 4H). 3.45 (s. 3H). 3.72 (m, 4H). 4.46 (s. 
2H), 6.38 (d, 1H), 8.22 (d. 1H); MS (TS) 209 (MH*). 

Preparation Two 

f RV1 -f 4-Piperazin-1 -vl-Pvrimidin-2-vl>-ethvl acetate . Amixtureof (R)-1-(4- 
1 5 methanesulfonyloxy-pyrimidin-2-yl)-ethyl acetate (prepared according to the method 
of Preparation Six. 24.1 g. 92 mmol) and piperazine (16.0 g, 184 mmol) in 
tetrahydrofuran (200 mL) was heated at reflux for 1 h. This mixture was cooled, 
filtered, concentrated, and purified by flash column chromatography (9:1 
dichloromethane/methanol) to give 24.4 g (88%) of the title compound as an oil. ^H 
20 NMR (CDCI3, 300 MHz) 5 1 .56 (d. 3H). 2.25 (s. 3H). 2.83 (m, 4H), 3.63 (m. 4H). 5.54 
(q. 1H), 6.38 (d, 1H). 8.24 (d. 1H); MS (CI) 251 (MH*). 

Preparation Three 

1 R-f4-f 3R.5S-Dimethvl-Diperazin-1 >vlVpvrimidin-2'Vl]-ethv! butvrate . A mixture of (R)- 
1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of 

25 Preparation Seven, 18.5 g. 80.9 mmol) and cis-2,6-dimethylpiperazine (18.6 g, 162 
mmol) in tetrahydrofuran (400 mL) was stin-ed at room temperature overnight, diluted 
with ether, and washed with saturated aqueous sodium bicarbonate (Ix) and water 
(3x). The combined aqueous extracts were back-extracted with 10% 
isopropanol/chloroform (6x). The combined organic extracts were dried over sodium 

30 sulfate, filtered, evaporated, and purified by flash column chromatography (1->5% 
methanol/chloroform) to give 20.9 g (84%) of the title compound as a waxy yellow 
solid. ^H NMR (CDCI3, 400 MHz) 6 8.14 (d, 1H). 6.31 (d. 1H). 5.65 (q. IN), 4.53-4.16 
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(C. 2H). 2.89-2.78 (c. 2H). 2.47-2.33 (c. 2H). 2.38 (t. 2H). 1.73-1.60 (C. 2H). 1.55 (d. 
, 3H). 1.11 (d. 6H). 0.94 (t. 3H); MS (APCI) 307 (MH*). 

Prfiparation Four 

I p-fA. f ?R fi.q-nimethvl-r ir"'-''^'"-^ -vn-D>mmiftin-?-Yn-ethYl butyrate. 

A mixture of (R)-l-(4-trifluoromethanesulfonyloxy-pyrimidin-2-yl)-ethyl butyrate 
(prepared according to the method of Preparation Nine. 84.8 g. 248 mmol) and cls-1- 
benzyl-3.5-dimethyi-piperazine (101 g. 496 mmol. Org. Prep. Proceed. Int. 1976. 8. 
19) in acetonitrile (310 mL) was stirred at reflux for 15 h. concentrated, and purified by 

10 flash column chromatography (15% ethyl acetate/hexanes) to give 52 g (53%) of the 
title compound of Preparation Four. Step A as an orange oil. NMR (CDCI,. 400 
MHz) 5 8 15 (d. 1H). 7.39-7.24 (c. 5H). 6.25 (d. 1H). 5.66 (q. 1H). 4.45 (m. 1H). 4.24 
(m. 1H). 3.52 (s. 2H). 2.73 (d. 2H). 2.37 (t. 2H). 2.22 (d. 2H), 1.70-1.60 (C. 2H). 1.55 
(d. 3H). 1 .30 (d. 3H). 1 .27 (d. 3H). 0.93 (t. 3H); MS (APCI) 398 (MH*). 

15 >^^'rp R. ip |/.-(/-Pon ^i.?R fiS-dime *H Y'-p i pprn7in-1-vn-n>mmidin-?-Yn-ethYl bgtYr?tg 

.nH iR. f4-f4-Ben7Y'-^'' fi<,^imfithvl- r' r''^^^'"--'-^^-°vri'^i^'"-^-^'^-^^^V' ^' 
I4-(4-Benzyl-2R.6S-dimethyl-pipera2in-1-yl)-pyrimidin-2-yO-ethyl butyrate (prepared 

according to the method of Preparation Four. Step A. 1 31 g. 79% ee) was purified by 
chiral HPLC under the following conditions (column: 15 cm id x 25 cm Prochrom 

20 column packed with Chiracel AD obtained from Chiral Technologies Inc.. 730 
Springdale Dr.. Exton. Pennsylvania. 19341; mobile phase: 90:10 n- 
heptane^isopropanol; flow rate: about 1 Umin; loading: 4.2 g/cycle) to provide the title 
compounds of Preparation Four. Step B (109 g. >98% ee) and (12.6 g. 93% ee). 
respectively, both as yellow oils. The NMR and MS data for the preceding 

25 compounds were in agreement with that for scalemic material of Preparation Four. 
Step A. 

,>^rp r- 1P [>*-(>'-R°n ^i.?R fis^ime ^hYi-pippra7in.1.vlVnvrimtftin-?-vn-fithYl butyr^t^ 
hvrirochloride . To a solution of iR-l4-(4-benzyl-2R.6S^lmethyl-piperazin-1.yl)- 
pyrimidin-2-yi]-ethyl butyrate (prepared according to the method of Preparation Four. 
30 Step B. 109 g. 275 mmol) in methanol (500 mL) was added hydrogen chloride (5 M in 
methanol. 56 mL. 278 mmol). This mixture was stirred at room temperature for 5 min 
and concentrated to give 1 18 g (99%) of the title compound of Preparation Four. Step 
C as a slightly yellow foam. 
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^*®P °' 1R-f4-f2R.6S-DimfithYl. pipo ra2in-1-vn.nyri m idin.2-vn.elhvlhiHY rate Jo a 
solution of 1 R-I4-(4-ben2yl-2R.6S-dimethyl-piperazin-1-yl)-pyrimidin-2-yO-ethyl 
butyrate hydrochloride (prepared according to the method of Preparation Four. Step 
C. 54.2 g. 125 mmol) in methanol (200 mL) was added ammonium formate (79 g, 
1 .25 mol) followed by a sluny of 10% palladium on carbon (13.5 g. 25 wt%) in 
methanol (200 mL). This mixture was stirred at reflux for 1 h and filtered through 
Celite. The filtrate was concentrated, diluted with saturated aqueous sodium 
bicarbonate, and extracted with chloroform (2x). The combined organic extracts were 
dried over sodium sulfate, filtered, and evaporated to give 40.8 g of the title compound 
as a yellow oil. 'H NMR (CDCI3. 400 MHz) 6 8.16 (d. 1H). 6.26 (d. 1H). 5.66 (q. iH) 
4.39 (m. IH). 4.22 (m, 1H). 2.93 (app s. 4H). 2.38 (t. 2H). 1.71-1.62 (c. 2H). 1.56 (d.' 
3H). 1 .27 (d. 3H). 1 .24 (d. 3H). 0.94 (t. 3H); MS (APCI) 307 (MH*). 

Preparation Five 

fRV1-(4-Chloro-pvrimidin-2-yl)^thylar^tatP . (R)-2-(1-Acetoxy-ethyl)-3H-pyrimldin.4- 
one (prepared according to the method of Preparation Thirteen, 3.00 g, 16.5 mmol) 
was added to phosphoms oxychioride (10 mL) at ambient temperature and stirred for 
3 h. Excess phosphorus oxychioride was removed under vacuum and the resulting 
oil was partitioned between chloroform and saturated aqueous sodium (^artionate. 
The layers were separated and the organic layer was washed twice with water, once 
with saturated aqueous sodium chloride and dried over magnesium sulfate and 
filtered. The filtrate was evaporated to give the title compound as an orange oil. 2.88 
g (87%). 'H NMR (CDCI3. 300 MHz) 5 1.56 (d. 3H). 2.18 (s. 3H), 5.68 (q. IH). 6.32 (d. 
1H). 8.21 (d. IH); MS (CI) 201. 203 (MH*); [a]o +27.6 (c 1.0. MeOH). 

Preparation Six 

£R).1.(4-MethanesulfonYloxY-pvrimidin-2-vlV^thvinr.Pteto To an ice cold solution of 
(R)-2-(1-acetoxy-€thyl)-3H-pyrimidin-4-one (prepared according to the method of 
Preparation Thirteen. 2.58 g. 14.2 mmol) and triethylamine (1.43 g. 14.2 mmol) in 
dichloromethane (20 mL) was added methanesulfonyl chloride (1.63 g, 14.2 mmol) 
dropwise and stirred for 1 h. The mixture was washed successively with saturated 
aqueous sodium bicarbonate and water, dried over magnesium sulfate and filtered. 
The filtrate was evaporated to give the title compound as an oil. 3.15 g (85%). 'h 
NMR (CDCI3. 300 MHz) 5 1.56 (d. 3H). 2.18 (s. 3H). 3.82 (s. 3H). 5.56 (q. IH). 6.38 (d. 
IH). 8.24 (d. IH): MS (CI) 261 (MH'); [ah +53.8 (c 1.1. MeOH). 
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Preparation Seven 

(R\-1-r4-Chloro-Pvrimidin>2>viVethvl butvrate . (R)-2-{1-Butyryloxy-ethyl)-3H- 
pyrimidin-4-one (prepared according to the method of Preparation Fourteen, 3.00 g, 
16.5 mmol) was added to phosphorus oxychloride (10 mL) at ambient temperature 
5 and stinred for 3 h. Excess phosphorus oxychloride was removed under vacuum and 
the resulting oil was partitioned between dichloromethane and saturated aqueous 
sodium carbonate. The layers were separated and the organic layer was washed 
once with water, once with saturated aqueous sodium chloride and dried over 
magnesium sulfate and filtered. The filtrate was evaporated to give the title compound 
10 as an orange oil, 3.19 g (85%). NMR (CDCI3. 300 MHz) 5 0-98 (t, 3H). 1.54 (d. 
3H). 1.67 (m, 2H). 2.48 (t. 2H). 5.68 (q. 1H), 6.36 (d, 1H). 8.21 (d, 1H); [a]o +27.6 (c 
1.0, MeOH). 

Preparation Eight 

-(4-Methanesulfonvloxv-Pvrimidin-2-vlV-ethvl butvrate . To an ice cold solution of 
1 5 (R)-2-(1 -butyryloxy-ethyl)-3H-pyrimldin-4-one (prepared according to the method of 
Preparation Fourteen. 17.8 g. 97.8 mmol) and triethylamine (9.9 g, 97.8 mmol) in 
dichloromethane (100 mL) was added methanesulfonyl chloride (11.21 g. 97.8 mmol) 
dropwise and stin-ed for 1 h. The mixture was washed successively with saturated 
aqueous sodium bicarbonate and water, dried over magnesium sulfate and filtered. 
20 The filtrate was evaporated to give the title compound as an oil, 24.1 g (94%). 

NMR (CDCI3. 300 MHz) 5 0.99 (t. 3H). 1.54 (d. 3H). 1.68 (m, 2H), 2.48 (t, 2H), 3.81 (s, 
3H). 5.54 (q, 1H), 6.38 (d. 1H). 8.24 (d. 1H); MS (CI) 261 (MH^; [a]o +28.8 (c 1.0, 
MeOH). 

Preparation Nine 

25 (RVl>(4'TrifluoromethanesulfonvloxV'Pvrimidin-2"Vn'ethvl butvrate . 

Method 1: To a solution of (R)-2-(1-butyfyloxy-ethyl)-3H-pyrimidin-4-one (prepared 
according to the method of Preparation Fourteen, 52 g. 248 mmol) and triethylamine 
(36.2 mL. 260 mmol) in dichloromethane (830 mL) at 0 "C with stirring under nitrogen 
atmosphere was added a solution of trifluoromethanesulfonic anhydride (44 mL, 260 

30 mmol) in dichloromethane (70 mL) dropwise via addition funnel over 30 min, 

maintaining an internal temperature of 4-8 "^C. This mixture was allowed to stir an 
additional 15 min at 4 **C, then quenched with water. After stirring for 10 min. the 
layers were separated and the aqueous layer was extracted with dichloromethane 
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(3x). The combined organic extracts were dried over sodium sulfate, filtered, and 
concentrated to give 47.2 g (--100%) of the title compound as a dark oil which was 
used immediately in the next step. NMR (CDCI3, 400 MHz) 5 8.83 (d. 1H) 7 03 (d 
1H). 5.82 (q. 1H). 2.41-2.32 (c. 2H), 1.72-1.60 (c, 2H). 1.62 (d. 3H). 0.95 (t. 3HV MS ' 
(APCI)343(MH*). ' 

Method 2: To a solution of (R)-2-(1-butyryloxy-ethyl)-3H-pyrimidirv4-one (prepared 
according to the method of Preparation Fourteen. 4.20 g. 20.0 mmol) and 
triethylamine (2.02 g. 20.0 mmol) in dichloromethane (20 mL) was added 
trifluoromethanesulfonyl chloride (3.37 g. 20.0 mmol) dropwise. maintaining an 
internal temperature less than -20 «C. and stirred for 0.5 h. JUe mixture was washed 
successively with saturated aqueous sodium bicarbonate and water, dried over 
sodium sulfate and filtered. The filtrate was evaporated to give the title compound as 
a dark oil. 6.42 g (94%). which was used immediately in the next step. 'H NMR and 
MS data were were in agreement with that from Preparation Nine. Method 1. 

Preparation Tph 

(R)-1-f4-Chlorrvpyrimidin-2.yl)^fh.nnl . To a solution of (R)-1-(4-chloro-pyrimidin-2- 
yl)-ethyl butyrate (prepared according to the method of Preparaton Seven 250 mg 

1.1 "I'Tiol) in dioxane (0.9 ml) was added concentrated hydrochloric add (0 9 mL) ' 
This mixture was allowed to stir at room temperature for 5 h. quenched with saturated 
aqueous sodium bicarbonate followed by solid sodium bicarbonate until no more gas 
evolution was evident. Dichloromethane was added and the layers were separated 
The aqueous phase was extracted with dichloromethane (3x) and the combined 
organic extracts were dried over sodium sulfate, filtered, and evaporated to give 125 
mg(71%)ofthetitlecompoundasapaleyellowoil. 'HNMR(CDCl3 400MH2)8 

167(17' ^'^^ ^'^^ ''^^ ^"^"^'^ 

Preparation Ptewon 
(RV(H-)-2-(1-Hydroxv-ethvlV3H.Dvrimidin-4^ . ^ot^ vdrochlnn H« 
Step A: R-(-^)-2-Hydmxv.pmpinnP.miriine hvrimrhi^nH. To a 22L, 3-neck round 
bottom flask equipped with reflux condenser, mechanical stirrer, themwmeter and 
nitrogen inlet was added tetrahydrofuran (7.3 L). R-(+)-2-hyd,oxy-p,opionamlde (731 
g. 8.2 mol) and triethyloxonium tetrafluoroborate (95%. 1.97 kg. 9.8 mol) The 
resulting yellow solution was allowed to stir at room temperature for 2 h. at which time 
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an NMR sample indicated consumption of starting material and the presence of the 
desired imidate. The solution was concentrated under vacuum to provide a yellow oil 
which was taken up in methanol (2 L). This solution was cooled to 15 ''C and 
anhydrous ammonia was bubbled through the solution for 5 h. The resulting 
5 suspension was allowed to stir for 2 h. concentrated to a thick mixture, diluted with 
ethyl acetate and filtered through Celite. The filtrate was then cooled to 10 **C, 
anhydrous hydrogen chloride was bubbled through the solution for 2 h, warmed to 
room temperature, and filtered to provide 418 g (41%) of the title compound of 
Preparation Eleven, Step A. mp: 134-138 ^C; NMR (DMSO-de, 300 MHz) 5 1.33 (t, 

10 3H). 4-42 (q. 1 H). 6.25-6.88 (br s, 1H). 8.72-9.25 (br s. 3H). 

Step B: fRV(■^V2-(1-Hvdroxv-ethvlV3H-Pvrimidin-4-one hydrochloride . To a 22 L. 3- 
neck round bottom flask equipped with a reflux condenser, mechanical stin-er, 
themnometer and nitrogen inlet was added methanol (8 L). potassium hydroxide (946 
g, 14.7 mol). R-(+)-2-hydroxy-propionamidine (prepared according to the method of 

15 Preparation Eleven. Step A, 1848 g, 14.7 mol) and ethyl 3-hydroxy-acrylate sodium 
salt (prepared according to the method of Preparation Twelve. Step C. 2030 g. 14.7 
mol). The resulting slurry was stirred at room temperature for 3 h. The pH was 
adjusted from 12.5 to 7 by the addition of concentrated hydrochloric acid (1 .32 L), 
The solids were filtered off and washed with isopropanol. The filtrate was 

20 concentrated to an oil, diluted with isopropanol (4 L), cooled to 10 ''C and anhydrous 
hydrogen chloride was bubbled through the solution for 4 h. The resulting suspension 
was filtered and the solids were dried to provide 2242 g (87%) of the title compound, 
mp: 180-184 °C (dec); NMR (DMSO-cfe. 400 MHz) 6 1.46 (d. 3H). 4.84 (q. 1H). 6.52 
(d,1H). 8.00 (d.1H). 

25 Preparation Twelve 

2-( 1 -Hvdroxv-€thvl)-3H-pvrimidin-4-one . 

Step A: 2-Hvdroxv-Dropionimidic acid ethvl ester hydrochloride . A solution of 
lactonitrile (378 g. 5.32 mol) in ethyl ether (1.46 L) and ethanol (0.34 L) was saturated 
with hydrogen chloride gas at 0-5 ''C for 0.5 h and kept at 5 for 60 h. The resulting 
30 precipitate was filtered off and washed twice with ethyl ether to give the title compound 
of Preparation Twelve, Step A as a solid, 815 g (99%). mp: 165-168 X; NMR 
(CD3OD, 250 MHz) 5 1.45-1.53 (c, 6H), 4.40^,61 (c, 3H). 
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^' 2-HydroxY-propionamiriinp hyrirr^t^inn^^ a suspension of 2- 
hydroxypropionimidic acid ethyl ester hydrochloride (prepared according to the 
method of Preparation Twelve. Step A. 751 g. 4.87 mol) in ethanol (3.75 L) at 0 
was saturated with ammonia gas. maintaining an internal temperature < 6 for 1 h 
5 then stirred at ambient temperature for 18 h. The solid was filtered off and dried under 
vacuum at 40 to give an initial crop of material. The fHtrate was concentrated to 
one-half volume and a second crop was collected and dried under vacuum The first 
and second crops were combined to give the title compound of Preparation Twelve 
Step B as a yellow solid. 608 g (99o/o). mp: 134-138 «C; NMR (DMSO-</« 400 ' 
MHZ) 5 1 .30 (d. 3H). 4.38 (q. 1H). 6.23 (br s. 1H). 7.35 (br s. 1H). 8.78 (br s 3H) 
Step C: Ethyl 3-hvdroxY-.rn ^latPcodi„,Ti -n it . To a suspension of sodium hydride 
(60 /o d.spersion in oil. 269 g, 16.7 mol) in isop«,py| ether (12 L) was added slowly 
ethyl acetate (1280 g. 14.2 mol) at a rate which maintained an internal temperature of 
45 °C. This mixture was stirred for and additional 0.5 h. then ethyl fomiate (2232 g 
30.1 mol) was added dropv.se at 42 »C and stirred at ambient temperature for 18 h 
The mixture was filtered and the solids were washed twice witi. ethj^ ether and once 
^th hexanes and dried to give the titie compound of Preparation Twelve. Step C as a 
white solid. 1930 9(990/0). 'H NMR (DMSO-d^,3O0^MHz) 5 1.03 (t. 3H). 3:86-(q 2H) 
4.08 (d.lH). 8.03 (d.lH). ^ 

°-' -^-n-HydroxyH^thyl)-.H-pvrimiriin 1 nnr. To a solution of ethyl 3-hydroxy- 
aaylate sodium salt (prepared according to the method of Preparation Twelve Step 
C. 1301 g. 9.42 mol) in water (1.3 L) was added a solution of 2-hydroxy- 
propionamidine hydrochloride (prepared according to the meti^od of Preparation 
Twelve^Step B. 610 g. 4.9 mol) in water (1.3 L) at ambient temperature and stirred for 
48h^Theso.ution was adjusted to pH7.0with acetic add ti^en^^^^^^^ 

v^chloroforn,for48h.Theextractwasdriedoversodiumsulfateandfiltered The 
fittrate was concentrated to a solid, slumed in ethyl ether, filtered, and dried to give the 
title compound as a solid. 232 g (38o/o). mp: 121-124 <.C; 'H NMR (DMSO-de 400 
MHz) 5 1.30 (d. 3H). 4.46 (q. 1H). 5.62 (br s. 1H). 6.13 (d. 1H). 7.80 (d. 1H). ' 

Preparation Thrrfaon 

(R)-2-f1-Acetoxy-Pthvl).3H-pyrimidin-4^ne . To a solution of vinyl acetate (4 3 g 50 
mmol) In dioxane (63 mL) was added 2-(1-hydroxy.ethyl)-3H-pyrimidin-4H,ne ' 
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(prepared according to the method of Preparation Twelve, 2.1 g, 15.1 mmol), and the 
mixture was heated to 50 ^C. To the resulting solution was added lipase P30 (0.21 g. 
10 wt%) and the heating was continued for 24 h. The reaction mixture was filtered 
and the filtrate was evaporated to obtain a thick syrupy liquid residue. The residue 
5 was purified by flash column chromatography (95:5 dichloromethanermethanol) to 
give the title compound as a colorless liquid, 0.97 g (92% of theory). NMR (CDCI3 . 
300 MHz) 5 1,61 (d. 3H), 2.20 (s, 3H). 5.65 (q, 1H). 6.35 (d. 1H). 7.97 (d, 1H), 1 1.94 
(s. 1 H); [ajo +39.9 (c 1 .0, MeOH). 

Preparation Fourteen 

10 (RV2-M-Butvrvloxv-ethvlV3H-pvrimidin-4-one . 

Method 1: To a solution of vinyl butyrate (17.7 g, 310 mmol) in dioxane (650 mL) was 
added 2-(1-hydroxy-ethyl)-3H-pyrimidin-4-one (prepared according to the method of 
Preparation Twelve, 21 .8 g, 155 mmol), and the mixture was heated to 50 °C. To the 
resulting solution was added lipase P30 (4.35 g. 20 wt%) and the heating was 

15 continued for 24 h. The reaction mixture was filtered and the filtrate was evaporated 
to obtain a thick syrupy liquid residue which was partitioned between dichloromethane 
and water. The layers were separated and the organic layer was dried over sodium 
sulfate, filtered, and evaporated to give the title compound as a colorless liquid, 9.35 g 
(86% of theory). NMR (CDCI3 , 300 MHz) 0.95 (t, 3H), 1 .65 (m. 5H), 2.40 (m. 2H), 

20 5.65 (q. 1H). 6.45 (d. 1H). 8.00 (d. 1H); [ajo +29.5 (c 1.0. MeOH). 

Method 2: To a chilled (5 "C) solution of (R)-(+)-2-(1-hydroxy-ethyl)-3H-pyrimidin-4- 
one hydrochloride (prepared according to the method of Preparation Eleven, 750 g, 
4.3 mol) in dichloromethane (8 L) was added triethylamine (1216 mL. 8.7 mol) 
followed by 4-dimethylaminopyridine (25.9 g. 0.21 mol). A solution of butyric 

25 anhydride (730 mL. 4.4 mol) in dichloromethane (730 mL) was then slowly added over 
a period of 5 h, keeping the temperature <3 ^C. The mixture was washed twice with 
half-saturated brine (4 L) and once with saturated aqueous sodium bicartDonate (4 L). 
dried over sodium sulfate, filtered, and concentrated under vacuum to give 869 g 
(96%) of the title compound as an oil. The NMR and MS data for this compound 

30 are in agreement with that of Preparation Fourteen, Method 1 . 

Preparation Fifteen 

1 R>f4-(2R.6S-Dimethvl>piperazin..1 -vn-Dvrimidln-2-vn-ethvl butvrate dibenzovI'L- 
tartrate salL 
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10 



15 



20 



25 



A: 1R-f4-f4-Renzvl.2R fiS-Him^« hvl-Diperaan.1.vlVDvrimidin-?-v/n.ethvl hLty rato 
bisdibenzoyl-l -tartrate salt . To a solution of (R)-2-(1 -butyfyloxy-ethyl)-3H-pyrimidin- 
4-one (prepared according to the method of Preparation Fourteen. 254 g. 1.25 mol) 
and triethylamine (176 mL. 1.3 mol) in dichloromethane (2.3 L) at 5 'C was slowly 
added a soluton of trifluoromethanesulfonic anhydride (21 1 mL. 1 .25 mol) In 
dichloromethane (355 mL) over a period of 3 h. The reaction was then quenched by 
the addition of cold water (1 .4 L) and the layers were separated. The organic layer 
was washed once with saturated aqueous sodium bicarbonate (1.5 L), once with 
saturated aqueous sodium chloride (1 L), and the solvent was removed under 
vacuum. The resulting oil was dissolved in dimethylacetamide (890 mL) and added 
slowly to a solution of ds-1 -benzyl-3.5-dimethyl-pipera2ine (735 g. 3.6 mol) in 
dimethylacetamide (1 .3 L) at 80 'C over a 1 h period. Heating at 80 'C was continued 
for 3.5 h. at which time the reaction was judged complete by gas chromatography. 
After cooling to room temperature, water (2.5 L) and isopropyl ether (2.5 L) were 
added, the layers were separated, and the organic layer was washed once with water 
(2 L). The Isopropyl ether layer was then mixed well with a solution of CuSO, (126 g) 
in water (3 L) and filtered through a layer of Celite. washing the filter cake with 
isopropyl ether (1 L). The aqueous layer of the filtrate was drained off. and the 
remaining organic layer was washed with water (2L) and treated with a solution of 
dibenzoyl-L-tartaric acid (619 g. 2.4 mol) in isopropyl ether (5.3 L). The resulting thick 
white slunry was stirred for 1 6 h and the solids were filtered off, washed with isopropyl 
ether (2 L). and vacuum dried at 

50 -C to yield 854 g (71%) of the title compound of Preparation Rfleen. Step A as a 
white solid. NMR (DMSO-cfa. 400 MHz) S 0.89 (t. 3H). 1.23 (d. 3H). 1.25 (d. 3H). 
1.48 (d. 3H). 1.54 (dd. 2H). 2.20 (dd. 2H). 2.31 (dt. 2H). 2.77 (d. 2H). 3.57 (s. 1H) 
4.45 (m. 1H). 4.24 (m. 1H). 5.51 (q. 1H). 6.60 (d. 1H). 7.30 (m. 1H). 7.39 (m. 4H).'7.64 
(m. 7H). 7.77 (m. 4 H). 8.05 (c. 7H). 8.17 (d. 1 H). 
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Step B: 1 R-r4-(2R.6S-Dimethvl-piDerazin-1 >vn-Dvrimidin-2-vn-ethvl butvrate 
dibenzovl-L-tartrate salt . To a mixture of 1R-[4-(4-benzyl-2R,6S-dimethyl-piperazin-1- 
yl)-pyrimidin-2-yl]-ethyl butyrate bis dibenzoyl-L-tartrate salt (prepared according to 
5 the method of Preparation Fifteen, Step A, 50 g. 0.045 mol) and 5% palladium on 
carbon (50% wet. 10 g, 20 wt%) in methanol (400 mL) under a nitrogen atmosphere 
was added cyclohexene (4.6 mL. 0.045 mol). This mixture was heated to reflux for 6 
h. at which time the reaction was judged complete by TLC. After cooling to 40 X, the 
mixture was filtered through Celite and washed with methanol (100 mL). The 

10 methanol was gradually displaced with isopropanol by atmospheric pressure 

distillation until a constant boiling point of 80-82 *C was attained, and the resulting 
white slurry was cooled to room temperature and stirred for 4 h. The solids were 
filtered off. washed with isopropanol (100 mL). and vacuum dried at 50 *C to yield 
25.7 g (86%) of the title compound as a white solid. 'H NMR (DMSO-cfe. 400 MHz) 5 

15 0.90 (t. 3H). 1.15 (d. 3H). 1.21 (d, 3H). 1.47 (d, 3H), 1.55 (q. 2H). 2.3 (m. 2H). 3.04 (m. 
2H). 3.2 (m. 2 H). 4.4 (br s. 1 H). 4.6 (br s. 1 H). 5.5 (q. 1H), 5.74 (s, 2H). 6.6 (d, 1H), 
7.5 (t. 4 H). 7.6 (m. 2H), 8.0 (m, 4H), 8.2 (d. 1H). 



20 
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CLAIMS 
A compound of the formula I 

■^3 



N 




N' 

f 

I 

5 a prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug, wherein: 

R' is fomnyl. acetyl, propionyl, carbamoyl or -C(OH)R*R'; 
R* and R« are each independently hydrogen, methyl, ethyl or hydroxy^C,-C3)aIkyl: 
R' is hydrogen, (CrC4)alkyl or (C,-C4)alltoxy; 
10 R3 is a radical of the formula 
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wherein said radical of formula is additionally substituted on the ring by R». and 

. R=: 

said radical of fomriula R'* is additionally substituted on the ring by R", R" and R"; 
G, G' and are taken separately and are each hydrogen and R* is hydrogen, (C,- 
5 CJalkyl. (C,-C,)aikoxycarbonyl, (C,-C,)alkoxy-(C,-C4)alkyl. hydroxy-(C,-C4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (C,-C4)alkoxy-{C,-C4)aikyl. (CrC4)alkyl or (C,-C4)aIkoxy. wherein said 
(C,-C4)alkyi in the definition of R^ and said (CrC4)alkoxy in the definition of R«are 
optionally and independently substituted with up to five fluoro; R^ and R' are each 
1 0 independently hydrogen or (C,-C4)alkyl; or 

G and G' are taken together and are (C,-C3)alkylene and R*. R^ R« and G* are 
hydrogen; or 

G' and G' are taken together and are (CrC3)alkylene and R*. R^ R" and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond, -(C=NR'°)-, oxycarbonyl, vinylenylcarbonyl, oxy(C,- 
C4)alkylenylcarbonyl, (C,-C4)alkylenylcarbonyl, (C3-C4)alkenylcarbonyl, thlo(Ci- 
C4)alkylenylcari3onyl, vinylenylsulfonyl, sulfinyl-(C,-C4)alkylenylcarbonyl. sulfonyKC,- 
C4)alkylenylcarbonyl or carbonyl(Co-C4)alkylenylcarbonyl; wherein said oxy(Cr 

20 C4)alkylenylcarbonyl. (C,-C4)alkylenylcarbonyl, (C3-C4)alkenylcarbonyl and thio(C,- 
C4)alkylenylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (C,-C4)alkyl, benzyl or Ar. said vinylenylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 
or two vinylenyl carbons with (C,-C4)alkyl, benzyl or Ar; and said carbonyl(Co- 

25 C4)alkylenylcartx>nyl in the definition of X is optionally substituted indepedently with up 
to three (C,-C4)alkyl, benzyl or Ar, 
R"* is hydrogen or {C,-C4)alkyl; 

R« is (C3-C7)cycloalkyl, Ar^-(Co-C3)aIkylenyl or (C,-C6)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 
30 (CrC4)alkylenylcarbonyl, then R* is not (C,-Ce)alkyl; 

Ar and Ar' are Independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-menibered ring optionally having up to four heteroatoms selected 
independently from oxygen, sulfur and nitrogen, or a bicydic ring consisting of two 
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fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
5 to seven membered rings, taken independently, optionally having up to four 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or 
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or 
two 0X0 groups substituted on sulfur; 

10 Ar and Ar' are optionally independently substituted on cartoon or nitrogen, on one ring 
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two 
or three rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R^^ R^^ and R^^ wherein R^\ R", R" and R'* are 
each taken separately and are each independently halo, formyl, (Ci- 

15 Ce)alkoxycari3onyl, (CrC6)alkylenyloxycarbonyl, (Ci-C4)alkoxy-{CrC4)alkyl, 
C(OH)R^*R^^, naphthyl, phenyl, imidazolyl. pyridyl. triazolyl, morpholinyl. (Cq- 
C4)alkylsulfamoyl, N-(Co-C4)aIkylcarbamoyl, N,N-di-(Ci-C4)alkylcarbamoyl, N- 
phenylcarbamoyl, N-(Ci-C4)aIkyl-N-phenylcarbamoyl, N,N-diphenyl carbamoyl, (C,- 
C4)aIkylcarbonylamido, (C3-C7)cycloalkylcarbonylamido, phenylcarbonylamido, 

20 piperidinyl. pyrrolidinyl. piperazinyl, cyano, benzimidazolyl, amino, anilino. pyrimidyl, 
oxazolyl, isoxazolyl. tetrazolyl, thienyl, thiazolyl, benzothiazolyl, pyn-olyl, pyrazolyl. 
tetrahydroquinolyl. tetrahydroisoquinolyl. benzoxazoiyi, pyridazinyl, pyridyloxy. 
pyridylsulfanyl, furanyl, 8-(C,-C4)alkyl-3,8-diaza[3.2.1]bicyclooctyl, 3,5-dioxo-l ,2.4- 
triazinyl. phenoxy, thiophenoxy. (Ci-C4)alkylsulfanyl. (CrC4)alkylsulfonyl, (C3- 

25 C7)cydoalkyl, (Ci-C4)alkyl optionally substituted with up to five fluoro or (CrC4)alkoxy 
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl, 
benzimidazolyl, pyrimidyl, thienyl, benzothiazolyl, pyrrolyl. tetrahydroquinolyl, 
tetrahydroisoquinolyl, benzoxazoiyi, pyridazinyl, pyridyloxy, pyridylsulfanyl. furanyl, 
thiophenoxy, anilino and phenoxy in the definition of R", R^^ R" and R^^ are 

30 optionally substituted with up to three substituents independently selected from 

hydroxy, halo, hydroxy-(C^-C4)alkyl, (CrC4)alkoxy-(Cf C4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said imidazolyl, oxazolyl. isoxazolyl, thiazolyl and pyrazolyl in the definition of 
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R'\ R'^ R'^ and R'*are optionally substituted with up to two substituents 
independently selected from hydroxy, halo, hydroxy-(Ci-C4)alkyl, (C,-C4)alkoxy-(C,- 
C4)alkyl, (Ci-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said morpholinyl in the definition of R", 
5 R", R" and R"' is optionally substituted with up to two substituents independently 
selected from (CrC4)alkyl; said pynrolidinyl in the definition of R". R", R" and R^* is 
optionally substituted with up to two substituents independently selected from hydroxy, 
hydroxy-(C,-C3)alkyl, (C,-C4)alkoxy.{C,-C4)alkyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said 

1 0 piperazinyl in the definition of R", R^^ R" and R" is optionally substituted with up to 
three substituents independently selected from (C,-C4)alkoxy-(C,-C4)alkyl. hydroxy- 
(C,-C3)alkyl, phenyl, pyridyl. (Co-C4)alkylsulfamoyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro: said 
triazolyl in the definition of R". R". R" and R'" is optionally substituted with hydroxy. 

1 5 halo. hydroxy-(C,-C4)aIkyl, (C,-C4)aIkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally 

substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said tetrazolyl in the definition of R". R", R" and R^*is optionally substituted 
with hydroxy-(C2-C3)alkyl or (C,-C4)alkyl optionally substituted with up to five fluoro; 
and said phenyl and pyridyl which are optionally substituted on piperazine in the 

20 definition of R". R", R« and R" are optionally substituted with up to three hydroxy, 
halo. hydroxy-(CrC4)alkyl. (C,-C4)alkoxy-{C,-C4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; or 

R" and R'* are taken together on adjacent carbon atoms and are 
25 -CH20C(CH3)20CH2- or -0-(CH2)p-0-. and R" and R" are taken separately and are 
each independently hydrogen or (C,-C4)a!kyl; 
pis 1,2 or 3; 

R" and R" are taken separately and are each independently hydrogen. (C,-C4)alkyl 
optionally substituted with up to five fluoro; or R" and R" are taken separately and R« 
30 is hydrogen and R" is (C3-C,)cydoalkyl, hydroxy-(C,-C3)alkyl. phenyl, pyridyl. 
pyrimidyl, thienyl. furanyl, thiazolyl. oxazolyl, imidazolyl. benzothiazolyl or 
benzoxazdiyi; or R« and R« are taken together and are (C3-C6)alkylene; 
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G\ G"* and are taken separately and are each hydrogen; r is 0; R^® is hydrogen, 
(CrC4)alkyl, {CrC4)alkoxycarbonyl. (CrC4)alkoxy-(CrC4)alkyl. hydroxy-(CrC4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl or (CrC4)alkoxy. wherein said 
5 (Ci-C4)alkyl in the definition of R® and said (CrC4)alkoxy in the definition of R® are 
optionally and independently substituted with up to five fluoro; and R^^ and R^ are 
each independently (Ci-C4)alkyl; or 

G^ G^ and G^ are taken separately and are each hydrogen; r is 1; R^® is hydrogen. 

(CrC4)alkyl. (CrC4)alkoxycarbonyl. (CrC4)alkoxy-(CrC4)alkyl, hydroxy-(CrC4)alkyl or 
10 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 

(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl or (CrC4)alkoxy. wherein said 

(C,-C4)alkyl in the definition of R® and said (CrC4)alkoxy in the definition of R^are 

optionally and independently substituted with up to five fluoro; and R^^ and R^ are 

each independently hydrogen or (Ci-C4)alkyi; or 
1 5 G^ and G' are taken together and are (CrC3)alkylene; r is 0 or 1 ; and R^®, R^®, R^ and 

G^ are hydrogen; or 

G^ and G^ are taken together and are (CrC3)alkylene; r is 0 orl ; and R^®, R* and 
G^ are hydrogen; 

R^' is SOzNR^'R^, CONR^'R^. (CrC6)alkoxycarbonyl, (C,-Ce)alkylcarbonyl. Ar^- 
20 carbonyl. (CrC6)alkylsulfonyl, (CrC6)alkylsulfinyl. Ar^-sulfonyl, Ar^-sufinyl and (Cr 
C6)alkyl; 

R^^ and R^ are taken separately and are each independently selected from hydrogen, 

(CrC6)alkyl. (C3-C7)cycloalkyl and Ar*-(Co-C4)alkylenyl; or 

R^^ and R^ are taken together with the nitrogen atom to which they are attached to 

25 fonn azetidinyl. pyn-olidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl, 
a2abicyclo(3.2.2]nonanyl, a2abicyclo[2.2.1]heptyl, 6,7-dihydro-5H- 
dibenzo[c.e]a2epinyl, 1,2.3,4-tetrahydro-isoquinolyl or 5,6,7,8-tetrahydropyrido[4,3- 
d]pyrimidyl; said azetidinyl in the definition of R^^ and R^ is optionally substituted 
independently with one substituent selected from hydroxy, amino. hydroxy-(Ct- 

30 C4)alkyl, (CrC4)alkoxy-(Ct-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl. 
piperidinyl. azepinyl in the definition of R^^ and are optionally substituted 
independently with up to two substituents independently selected from hydroxy. 
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amino, hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally 
substituted with up to five Huoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said moipholinyl in the definition of R^^ and is optionally substituted with up 
to two substituents independently selected from hydroxy-(CrC4)alkyl, (CrC4)alkoxy- 
5 (CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro and (Ci-C4)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R^^ and 
R^ is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl. (CrC4)alkoxycarbonyl and (Ci-C4)alkyl optionally 
substituted with up to five fluoro; said 1,2,3.4-'tetrahydro-isoquinolyl and said 5.6.7.8- 

10 tetrahydropyrido[4,3-d]pyrimidyl in the definition of R^^ and R^ are optionally 

substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(CrC4)alkyI. (CrC4)alkoxy.(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro and (CrC4)alkoxy optionally substituted 
with up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,e]a2epinyl in the definition of 

15 R^^ and R^ is optionally substituted with up to four substituents independently 

selected from hydroxy, amino, halo, hydroxy-{CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. 
(Ct-C4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy optionally 
substituted with up to five fluoro; said pyrimidyl. pyridyl and phenyl which are 
optionally substituted on said piperazine in the definition of R^^ and R^ is optionally 

20 substituted with up4o three substituents selected from hydroxy, amino. hydroxy-(Cr 
C4)alkyl, (Ci-C4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted witti up to five 
fluoro and (Ci-C4)alkoxy optionally substituted with up to five fluoro; 
Ar^ is independentiy defined as set fortii for Ar and Ar^ above; 
said Ar^ is optionally independentiy substituted as set forth for Ar and Ar^ above; 

25 Is CONR25R26 or SOjR^R*. wherein R^ is hydrogen (C,.C4)alkyl or Ar^-(Co- 

C4)alkylenyl and R^ is Ar^-(Co-C4)alkylenyl; provided that when Ar' is phenyl, naphtiiyl 
or biphenyl, ttien R^^ cannot be CONR^^R^ where R^^ is hydrogen or Ar^ and R» is 
Ar^; 

R^^ is hydrogen. (CrC4)alky!. (CrC4)alkoxycart)onyl. (CrC4)alkoxy.{CrC4)alky!. 
30 hydroxy-(Ct-C4)alkyl or phenyl optionally independentiy substituted witti up to ttiree 
hydroxy, halo, hydroxy-(CrC4)alkyl. (C,-C4)alkoxy.(CrC4)alkyl. {CrC4)alkyl or (C,- 
C4)alkoxy, Wherein said (CrC4)alkyl in the definition of R» and said (CrC4)alkoxy in 
the definition of R^are optionally and independentiy substituted witti up to five fluoro; 
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Ar^ is independently defined as set forth for Ar and Ar^ above; 

said Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; 

R^^ is hydrogen or {CrC4)alkyl; 

and R^ are each independently hydrogen, hydroxy, halo, hydroxy-(CrC4)alkyl, 
5 (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro. (Cr 
C4)alkoxy optionally substituted with up to five fluoro, phenyl, pyridyl. pyrimidyl, thienyl, 
furanyl. thiazolyl. oxazolyl. phenoxy, thiophenoxy, S02NR~R'\ CONR^R^' or NR^R^^ 
said thienyl. pyrimidyl. furanyl. thiazolyl and oxazolyl in the definition of R^* and R^ are 
optionally substituted by up to two hydroxy, halo, hydroxy-(CrC4)alkyl, (CrC4)alkoxy- 

1 0 (CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (CrC4)alkoxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and 
thiophenoxy in the definition of R* and R" are optionally substituted by up to three 
hydroxy, halo. hydroxy-(CrC4)alkyl, (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)aIkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 

15 fluoro; 

R*^ and R^^ are each independently hydrogen, (CrC4)alkyl. (C3-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to 
five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; or 

20 R*' and R^^ are taken together with the nitrogen to which they are attached to form 
indolinyl, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl; said pyrrolidinyl and 
piperidinyl in the definition of R" and R'^ are optionally substituted with up to two 
hydroxy, amino, hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 

25 up to five fluoro; said indolinyl and piperazinyl in the definition of R** and R'^ are 
optionally substituted with up to three hydroxy, amino, hydroxy-(CrC4)alkyl, (d- 
C4)a!koxy-(Ci-C4)alkyl, (C,-C4)alkoxycarbonyl, (Ct-C4)alkyl optionally substituted with 
up to five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; said 
morpholinyl in the definition of R** and R'^ is optionally substituted with up to two 

30 substituents independently selected ftx)m hydroxy-(Ci-C4)alkyl. (CrC4)alkoxy-(Cr 
C4)alkyl, (Ct-C4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally Substituted with up to five fluoro; 

A Is N optionally substituted with hydrogen or (CrC4)alkyl and B is cartDonyl; or 
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A is carbonyl and B is N optionally substituted with tiydrogen or (C,-C4)alkyl: 
is hydrogen or (C,-C,)all<yl; 

is phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl, isoquinolyl. 
phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl.isoquinolyl. 

phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl and benzothienyl 
in the definition of R» are optionally substituted with up to three phenyl, phenoxy. 
NR«R». halo, hydroxy. hydroxy-(C,-C,)alkyl. (CrC,)alkoxy-(C,-C,)alkyl. (C,-C,)aikyl 
optionally substituted with up to five fluoro or (C,-C,)alkoxy optionally substituted with 
10 up to five fluoro; 

R^ and R» are each independently hydrogen. (C-C, alkyi). phenyl or phenylsutfonyl; 
said phenyl and phenyisulfonyl in the definition of R« and R» are optionally 
substituted with up to three halo, hydroxy. (C,-C,)alkyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; 
15 D is CO. CHOH or CHj; 
EisO.NHorS; 

R** and R'^ are taken separately and are each independently hydrogen, halo, cyano. 
hydroxy, amino. (CrCe)alkylamino.-di-(C^:Ce)allQdamino. pyrrolidino. piperidino. 
morpholino. (C,.C4)alkoxy-(CrC,)alkyl. hydroxy.(C,-C4)alkyl. Ar*. (C,-C,)alkyl ' 
opttonally substituted with up to five fluoro or (C,-C,)aIkoxy optionally substituted with 
up to five fluoro; 

R"*. R^' and R"" are each independently hydrogen or (CrC4).alkyl; 
A;- is phenyl, furanyl. thienyl. pyridyl. pyrimidyl. pyrazinyl or pyridazinyl; said Ar- being 
optionally substituted with up to three hydroxy. (C,-C4)alkoxy-(C,-C4)alkyl. halo. 
hydroxy-(C,-C4)alkyl. (C,-C4)alkyl opttonally substituted with up to five fluoro or'(C,. 
C4)alkoxy optionally substituted with up to five fluoro; or 
R* and R^^ are taken together on adjacent carbon atoms and are -O-CCHjX-O-; 
lis 1.2 or 3; 

Yis(C2-C6)alkylene; 
30 R-". R« and R*« are each independently hydrogen or (C,-C4)alkyl; 

m and n are each independently 1 . 2 or 3. provided that the sum of m and n is 2 3 or 
4; 

k is 0.1. 2, 3 or 4; 



20 



25 
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is a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 
R'" is (C3-C7)cycioalkyl. Ar^-(Co-C4)alkylenyl, NR*'R'' or (CrC6)alkyl optionally 
substituted with one to five fluoro; provided that when is a covalent bond or 
oxycarbonyl. then R'*^ is not NR^^R^; 
5 R^^ and R** are taken separately and are each independently selected from hydrogen. 
Ar^, (CrC6)a!kyl and Ar^-(Co-C4)alkylenyl; or 

R*^ and R^ are taken together with the nitrogen atom to which they are attached to 
fonm azetidinyl. pyn-olidinyl, piperidinyl, piperazinyl, morpholinyl. azepinyl, 
azabicyclo[3.2.2]nonanyl, azabicyclo[2.2.1]heptyl. 1.2.3,4.tetrahydroisoquinolyl. 6.7- 

1 0 dihydro-5H-dibenzo[c.e]azepinyl or 5.6.7.8-tetrahydropyrido[4,3-d]pyrimidyl; said 
azetidinyl in the definition of R*^ and R^ are optionally substituted with one hydroxy, 
amino, hydroxy-(C,-C4)alkyl. (CrC4)alkoxy-{CrC4)aIkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 
fluoro; said pyrrolidinyl. piperidinyl and azepinyl in the definition of R*^ and R'** are 

1 5 optionally substituted with up to two hydroxy, amino. hydroxy-(Ci-C4)alkyl. (C,- 

C4)alkoxy-(Ci-C4)alkyl. (C,-C4)a!kyl optionally substituted with up to five fluoro or (d- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R^^ and R^ is optionally substituted with up to two substituents independently 
selected from hydroxy-(CrC4)alkyl, {CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 

20 substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl, 1,2.3,4-tetrahydroisoquinolyl and 5.6.7.8-tetrahydro[4,3- 
djpyrimidyl in the definition of R^^ and R^ are optionally substituted with up to three 
hydroxy, amino, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (Ct-C4)alkoxy optionally substituted with 

25 up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c.e]azepinyl in the definition of R^^ 
and R^ are optionally substituted with up to four hydroxy, amino, halo. hydroxy-(Ci- 
C4)a!kyl, (CrC4)alkoxy-(Ci-C4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; 
Ar* Is independently defined as set forth for Ar and Ar^ above; 

30 At* Is optionally independently substituted as set forth for Ar and Ar^ above; 

R^2 and R*** are independently hydrogen. (C3-C7)cycloalkyl. Af*-(Co-C3)alkylenyl, Ar*- 
(C2-C4)alk0nyl. Ar*-carbonyl or (CrC6)alkyl optionally substituted with up to five fluoro; 
Ar* Is independently defined as set forth for Ar and Ar^ above; 
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Ai^ is optionally independently substituted as set forth for Ar and Ar^ above; and 
R^^ and R*^^ are each independently hydrogen or (CrC4)alkyl. 

2. A compound of claim 1 . a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 
5 R^is 




substituted by R'* or R^; 

G', and G® are taken separately and are each hydrogen, r is 0 and R" is hydrogen, 
(CrC4)alkyl, (CrC4)alkoxycarbonyl or phenyl optionally substituted by up to three 

10 hydroxy, halo. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, {CrC4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 
fluoro; R^® and R^ are each independently (CrC4)alkyl; 
G^ G* and G® are taken separately and are each hydrogen; r is 1; and R^" is 
hydrogen. (CrC4)alkyl. (CrC4)alkoxycarbonyl or phenyl optionally substituted by up to 

15 three hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{CrC4)alkyl, {Ci-C4)alkyl 
optionally substituted with up to five fluoro or (CrC4)aIkoxy optionally substituted with 
up to five fluoro; R^® and R^ are each independently hydrogen or (Ci-C4)alkyl; or 

and G^ are taken together and are (CrC3)alkylene; r is 0 or 1 ; and R^®, R^^ R^^ and 
G^ are hydrogen; or 

20 G^ and G^ are taken together and are (CrC3)alkylene; r is 0 or 1 ; and R". R^®, R^^ and 
G^ are hydrogen; 

R^^ is SOjNR^^R^^, CONR^^R^. (CrCe)alkoxycarbonyl. (CrC6)alkylcarbonyl. Ar^- 
carbonyl, (CrC6)alkylsulfonyl. (Ci-C6)alkylsulfinyl. Ar^-sulfonyl. Ar^-sufinyl and (Ct- 
Ce)alkyl; 

25 R^^ and R^ are taken separately and are each independently selected from hydrogen, 
(CrC6)alkyl. (C3-C7)cydoalkyl and Ar^-(Co-C4)alkylenyl; or 
R^^ and R^ are taken together with the nitrogen atom to which they are attached to 
form azetidinyl. pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl, 
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a2abicyclo[3.2.2]nonanyl, a2abicyclo[2.2.1]heptyl. 6.7-dihydro-5H- 
diben2o[c.e]azepinyl. 1.2,3,4-tetrahydroisoquinolyl or 5,6,7,8-tetrahydropyrido[4,3- 
d]pyrimidyl; said azetidinyl in the definition of R^^ and is optionally substituted 
independently with one substituent selected from hydroxy, amino, hydroxy-(Cr 
5 C4)alkyl, (Ci-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyi optionally substituted with up to five 
fiuoro and (Ci-C4)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl, 
piperidinyl, morpholinyi, azepinyl in the definition of R^^ and R^ are optionally 
substituted independently with up to two substituents independently selected from 
hydroxy, amino, hydroxy-{CrC4)alkyl. {CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl 

10 optionally substituted with up to five fluoro and (CrC4)alkoxy optionally substituted 
with up to five fluoro; said morpholinyi in the definition of R^^ and R^ is optionally 
substituted with up to two substituents independently selected from hydroxy-(C,- 
C4)aikyl. (CrC4)alkoxy-(Ci-C4)alkyl, (CrC4)alkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said piperazinyl in 

15 the definition of R^^ and R^ is optionally substituted independently with up to three 
substituents independently selected from phenyl, pyridyl, pyrimidyl, (C,- 
C4)alkoxycarbonyl and (Ci-C4)alkyl optionally substituted with up to five fluoro; said 
1 .2.3,4-tetrahydro-isoquinolyl and said 5,6,7,8-tetrahydropyrido[4,3-cl]pyrimidyI in the 
definition of R^^ and R^ are optionally substituted independently with up to three 

20 substituents independently selected from hydroxy, amino, halo. hydroxy-(CrC4)alkyl, 
(CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro and 
{CrC4)alkoxy optionally substituted with up to five fluoro; said pyrimidyl, pyridyl and 
phenyl which are optionally substituted on said piperazine in the definition of R^^ and 
R^ is optionally substituted with up to three substituents selected from hydroxy, 

25 amino. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)aIkyl. {Ci-C4)alkyl optionally 

substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; and said 6.7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R^^ and R^ is 
optionally substituted with up to four substituents independently selected from 
hydroxy, amino, halo, hydroxy-(CrC4)alkyl. (C,-C4)alkoxy-(Ci-C4)alkyl. (Ci-C4)alkyl 

30 optionally substituted with up to five fluoro and (CrC4)alkoxy optionally substituted 
with up to five fluoro. 

3. A compound of claim 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 
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R^is 




is CONR^R^, SOjR^R^, wherein R^ is hydrogen (CrCOallcyl or Ar*-(Co- 
C4)alkylenyl and R^ is Ar^-(Co-C4)alkylenyl; provided that when Ar^ is phenyl, naphthyl 
5 or biphenyl. then R" cannot be CONR^R^ where R^ is hydrogen or Ar^ and R^ is 
Ar»; 

R^^ is hydrogen, (CrC4)all<yl, (CrC4)alkoxycarbonyl or phenyl optionally substituted by 
up to three (CrC4)alkyl optionally substituted with up to five fiuoro, (CrC4)alkoxy 
optionally substituted with up to five fluoro. hydroxy, halo or hydroxy-(Ci-C3)alkyl. 
10 4. A compound of claim 1 , a prodnjg thereof or a pharmaceutically 

acceptable salt of said compound or said prodaig, wherein: 
RMs 




R^ is hydrogen or (Ci-C4)alkyl; 
15 R^ and R^ are each independently hydrogen, hydroxy, halo. hydroxy-(CrC4)alkyl, 

(C^-C4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted with up to five fluoro. (d- 

C4)alkoxy optionally substituted with up to five fluoro. phenyl, pyridyl. pyrimidyl, thienyl. 

furanyl. thiazolyl. oxazolyl, phenoxy. thiophenoxy. S02NR^R^\ CONR^R^' or NR^R^'; 

said thienyl. pyrimidyl. furanyl. thiazolyl and oxazolyl in the definition of R^ and R^ are 
20 optionally substituted by up to two hydroxy, halo, hydroxy-(CrC4)alkyl. (CrC4)alkoxy- 

(CrC4)alkyl. (CrC4)aIkyl optionally substituted with up to five fluoro or (Ci-C4)alkoxy 

optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and 
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thiophenoxy in the definition of and are optionally substituted by up to three 
hydroxy, halo, hydroxy-(CrC4)alkyi. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five 
fluoro; 

5 R^ and R^' are each independently hydrogen, (Ci-C4)alkyl, (C3-C7)c;ycloalkyl or 
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
{CrC4)alkyl, (Ci-C4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted with up to 
five fluoro or (CrC4)aIkoxy optionally substituted with up to five fluoro: or 
R^ and R^^ are taken together with the nitrogen to which they are attached to form 

10 indolinyl, pyn-olidinyl, piperidinyl. piperazinyl or morpholinyl; said pyrrolidinyl and 
piperidinyl in the definition of R^ and R'^ are optionally substituted with up to two 
hydroxy, amino. hydroxy-(CrC4)aIkyl, {CrC4)alkoxy-(CrC4)aIkyl. (CrC4)a!kyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; said indolinyl and piperazinyl in the definition of R^ and R^^ are 

15 optionally substituted with up to three hydroxy, amino, or hydroxy-(Ci-C4)alkyl, (Cr 
C4)aIkoxy-(CrC4)alkyl. (CrC4)alkoxycarbonyl. (CrC4)alkyI optionally substituted with 
up to flve fluoro or (Ci-C4)alkoxy optionally substituted with up to five fluoro; and said 
morpholinyl in the definition of R^ and R^^ is optionally substituted with up to two 
substituents independently selected from hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(Ci- 

20 C4)alkyl, (Ci-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted with up to five fluoro. 

5. A compound of daim 1 . a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug, wherein: 




A is N optionally substituted with hydrogen or (CrC4)alkyl and B is carbonyl; or 
A is carbonyl and B is N optionally substituted with hydrogen or (Ct-C4)alkyl; 
R^ is hydrogen or (Ct-C4)alkyl; 
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is phenyl, pyridyl, pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl. isoquinolyl, 
phthalizinyl. quinoxanlyl, benzothiazoyi, benzoxazolyl. benzofuranyl or benzothienyl; 
said phenyl, pyridyl, pyrimidyl. thiazolyl, oxazolyl. benzyl, quinolyl, isoquinolyl. 
phthalizinyl. quinoxanlyl. benzothiazoyi. benzoxazolyl, benzofuranyl and benzothienyl 
5 in the definition of are optionally substituted with up to three phenyl, phenoxy. 
NR^R^, halo, hydroxy. hydroxy.(CrC,)alkyl. (CrC4)alkoxy-(CrC0alkyl. (CrCJalkyl 
optionally substituted with up to five fiuoro or (CrC4)alkoxy optionally substituted with 
up to five fiuoro; 

R^ and R^ are each independently hydrogen. (C.-C^ alkyi), phenyl or phenylsulfonyl; 
10 said phenyl and phenylsulfonyl in the definition of R^ and R^ are optionally 

substituted with up to three halo, hydroxy, (CrC4)alkyl optionally substituted with up to 

five fiuoro or (Ci-C4)alkoxy optionally substituted with up to five fiuoro. 

6. A compound of claim 1 . a prodmg thereof or a pharmaceutically 

acceptable salt of said compound or said prodrug, wherein: 
15 RMs 




DIsCO.CHOHorCHj; 
ElsO.NHorS; 

R^ and R'^ are taken separately and are each independently hydrogen, halo, cyano, 
20 hydroxy, amino. (Ci-C6)alkylamino. di-(CrC6)alkylamino, pyn-olidino. piperidino, 
morpholino, (C,-C4)aIkoxy-(CrC4)aIkyI. hydroxy-(CrC4)alkyl. Ar^. (CrC4)alkyl 
optionally substituted with up to five fiuoro or (CrC4)alkoxy optionally substituted with 
up to five fiuoro; 

R", and R^ are each independently hydrogen or (Ci-C4)-alkyl; 
25 Ar^ Is pheriyl, furanyl. thienyl, pyridyl, pyrimidyl. pyrazinyl or pyridazinyl;*said Ai^ being 
optionally substituted with up to three hydroxy, (Ct-C4)alkoxy-(CrC4)alkyl. halo. 
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hydroxy-(Ci-C4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro or (C,- 

C4)alkoxy optionally substituted with up to five fluoro; or 

R* and R'^ are taken together on adjacent carbon atoms and are -©-(CHjX-O-; 

tis1.2or3. 

5 7. A compound of claim 1 , a prodrug thereof or a pharmaceuticaily 

acceptable salt of said compound or said prodrug, wherein: 



R'is 




Y is (C2-C6)alkyiene: 
1 0 R**, R*® and R** are each independently hydrogen or (Ci-C4)alkyl; 

m and n are each independently 1, 2 or 3, provided that the sum of m and n Is 2, 3 or 
4; 

k is 0 to 4; 

Y' is a covalent bond, carbonyl, sulfonyl or oxycarljonyl; 
15 R^ Is (C,-C7)cycloalkyl. Ar*-(Co-C4)alkylenyl, NR*^R* or (C,-C.)alkyl optionally 
substituted with one to five fluoro; provided that when Y' Is a covalent bond or 
oxycarbonyl, then R" is not NR*^R*': 
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R^^ and R^^ are taken separately and are each independently selected from hydrogen, 
Ar^. (CrC6)alkyl and Ar^-(Co-C4)alkylenyl; or 

R^^ and R^^ are taken together with the nitrogen atom to which they are attached to 
form azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl, 
5 azabicyclo[3.2.2)nonanyl, azabicyclo[2.2.1]heptyl, 1 ,2,3,4.tetrahydroisoquinolyl. 6.7- 
dihydro-5H-diben20[c,e]azepinyl or 5,6,7.8-tetrahydropyrido[4,3Hj]pyrimidyl; said 
azetidinyl in the definition of R^^ and R*^ are optionally substituted with one hydroxy, 
amino. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 

10 fluoro; said pyn^olidinyl, piperidinyl and azepinyl in the definition of R*^ and R^ are 
optionally substituted with up to two hydroxy, amino, hydroxy-(CrC4)alkyl, (d- 
C4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted with up to five fluoro or (d- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R^^ and R^® is optionally substituted with up to two substituents independently 

1 5 selected from hydroxy-(CrC4)alkyl, (CrC4)aikoxy-(CrC4)alkyl. {CrC4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl. 1,2.3.4-tetrahydroisoquinolyl and 5.6.7.8-tetrahydro[4.3- 
d]pyrimidyl in the definition of R^^ and R^ are optionally substituted with up to three 
hydroxy, amino, halo. hydroxy-{CrC4)alkyl, (CrC4)aIkoxy-(CrC4)alkyl. (CrC4)alkyl 

20 optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; and said 6.7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R^' 
and R^** are optionally substituted with up to four hydroxy, amino, halo. hydroxy-(Cr 
C4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro or (Ct-C4)alkoxy optionally substituted with up to five fluoro. 

25 8. A compound of claim 7, a prodrug thereof or a phamnaceutically 

acceptable salt of said compound or said prodrug wherein: 
R' is (R)-1 -hydroxy-ethyl; 
R^ is hydrogen; 
R'is 
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kis 0; 

Y' is a covalent bond; and 

R*^ is 4-pyrimidinyi substituted at the 2-position with 1-hydroxymethyl. 
5 9. A compound of claim 1 . a prodmg thereof or a pharmaceutically 

acceptable salt of said compound or said prodrug, wherein: 
R^is 




R'^and R'^ are independently hydrogen. (C3-C7)cycloalkyl, Ar*-(Co-C3)alkylenyl, Ar*- 
10 {C2-C4)alkenyl. Ar*-carbonyl or (CrC6)alkyl optionally substituted with up to five fluoro; 
and 

R^^ and R^^* are independently is hydrogen or (CrC4)alkyl. 

1 0. A compound of claim 1 , a prodrug thereof or a phamiaceutically 
acceptable salt of said compound or said prodrug, wherein: 
15 RMs C(OH)R*R^ where R* and R* are each independently hydrogen or methyl; 
R^ is hydrogen; 
R^is 
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wherein said is substituted by R^ or R*; 

G. G' and G^ are taken separately and are each hydrogen and R^ is hydrogen or (C,- 
C4)alkyl; R^ and R" are each independently hydrogen or (C,-CJalkyl; or 
5 G and G' are taken together and are {C,-C3)alkylene and R*. R', R» and G^ are 
hydrogen; or 

G' and G' are taken together and are (C,-C3)alkylene and R«. R^ R« and G are 

hydrogen; 

q isOor 1; 

10 X is a covalent bond, oxycarbonyl.vinylenylcarbonyl, oxy(CrC4)alkylenylcarbonyl. 
thio(C,-C4)alkylenylcarbonyl or vinylenylsulfonyl; said vinylenylcarbonyl and said 
vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyl 
carbons with (C,-C4)alkyl. benzyl or An said oxy(Ci-C4)alkylenylcarbonyl and said 
thio(C,-C4)alkylenylcarbonyl in the definition of X are optionally substituted with up to 

1 5 two (C,-C4)alkyl. benzyl or Ar. 

R» is (Cj-Cyjcydoalkyl, Ar^-(Co-C4)alkylenyl or (CrC6)alkyl optionally substituted with 
up to five fluoro; 

Ar' is phenyl, naphthyl, pyridyl. pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, quinolyl. 

isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl, cinnoiinyl. naphthyridinyl, pteridinyl, 
20 pyrazinopyrazinyl, pyrazinopyridazinyl, pyrimidopyridazinyl, pyrimidopyrimidyl, 

pyridopyrimidyl. pyrldopyrazinyl, pyridopyridazinyl, pyrrolyl. furanyl. thienyl, imidazolyl, 

oxazolyl, thiazolyl. pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl. 

tetrazolyl, indolyl, benzofuranyl, benzothienyl, benzimidazolyl, benzoxazolyl. 

benzothiazolyl, indazoiyi, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyl, furopyridyl. 
25 thienopyridyl, imidazolopyridyl, oxazolopyridyl, thiazolopyridyl, pyrazolopyridyl, 

isoxazolopyridyl, isothiazolopyridyl. pyrrolopyrimidyl, furopyrlmidyl. thienopyrimidyi. 

imidazolopyrimidyl, oxazolopyrimidyl, thiazolopyrimidyl, pyrazolopyrimidyl, 

isoxazolopyrimidyl, isothiazolopyrimidyl, pyrrolopyrazinyl, furopyrazinyl. 
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thienopyrazinyl. imidazolopyrazinyl. oxazolopyrazinyl. thiazolopyrazinyl. 
pyrazolopyrazinyl. isoxazolopyrazinyl. isothiazolopyrazinyl, pyrrolopyridazinyl, 
furopyridazinyl. thienopyridazinyl. imidazolopyridazinyl, oxazolopyridazinyl. 
thiazolopyridazinyl, pyrazolopyridazinyl, isoxazolopyridazinyl or isothiazolopyridazinyl; 
5 and 

said Ar^ is optionally substituted as set forth in claim 1 . 

11. A compound of claim 10, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 

X is a covalent bond, oxycarbonyl or vinylenylcarbonyl optionally substituted on one or 

1 0 two vinylenyl carbons with {Ci-C4)alkyl. benzyl or Ar, 
is Ar^-(Co-C4)alkylenyl; 
Ar^ is phenyl, naphthyl, pyridyl, pyrimidyl, pyrazinyl. triazinyl, quinolyl, isoquinolyl, 
quinazolyl, quinoxalyl, furanyl, thienyl. indolyl. benzofuranyl, benzothienyl, 
benzoxazolyl. benzothiazolyl, furopyridyl. oxazolopyridyl, thiazolopyridyl. thienopyridyl, 

1 5 furopyrimidyl. thienopyrimidyl. oxazolopyrimidyl or thiazolopyrimidyl; and 
said Ar^ is optionally substituted as set forth in claim 1 . 

12. A compound of claim 1 1 . a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 

is hydrogen; 
20 R* is hydrogen or methyl; 
R* is methyl; 

G, and G^ are hydrogen; 

R® and R^ are each independently hydrogen or methyl; 
R* is hydrogen. 

25 1 3. A compound of ciaim 1 2. a prodrug thereof or a phamiaceutically 

acceptable salt of said compound or said prodrug wherein: 
R^ is (R)-1-hydroxy-€thyl; and 
R'is 
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14. The compound of claim 1 . a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: R» is 2-furo[3,2-cJpyridy|- 

2-(4-chloro-furo[3.2-c]pyridyl):2-(4-pyrrolidin-1-y|-furo[3.2-cJpyridyl);2-(4^^ 
yl-furoI3,2-c]pyridyl); or 2-imida2o[1,2-a)pyridyl. 

15. A compound of claim 1 . a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug, selected from 1 R-(4-{l 42-(1 R- 
hydroxy-ethyl)-pyrimidin-4-yl]-I4,4^bipiperidinyl-1-y|^pyrimidin-2-yl)-ethanol; 
furor3.2-c]pyridin-2-yl-{4-[2-(1R-hydroxy-ethyl)-pyrimidin.4-yI]-3R.5S-dimethy|. 
piperazin-1-y|}-methanone:(4-chloro-furo[3.2-c]pyridin-2-ylH4-[2-(1R-hydroxy-ethyl)- 
pyrimldin-4-yQ-3R.5S.dimethyl-pipera2in-1-yl}-methanone;{4-[2-(1R-hydroxy-ethyl)- 
pyrimidin^-yq.3R.5S.dimethyl-pipera2in-1-ylH4-pyrrolidin-1-yl-furo[3.2-c]pyn^^^^^ 

■ methanone: t4--{2-{1R-hydf6xy-ethyl)-pyrimidin-4-yO-3R.5S<^^^ ' ' 

(4.morpholin^-yl-furo[3,2.c]pyridin-2.yl)-metharK)ne;{4-[2-(1R-hydroxy-ethyl)- 

pyrimidinw^-yl]-3R.5S-dimethy|.pipera2in-1.yl}-lmida2oI1.2-a]pyridin-2-yl-methanone^ 

furo[3.2-c]pyridin-2-yl-{4-[2-(1R-hydroxy.ethyl)-pyrimidin-4-yQ-2R.6S-dimethyl- 

pipera2in-1-yl^methanone:4-[2-{1R-hydroxy-ethy^)-pyrimidin-4-yO-2R.6S-dimethyl- 

piperazine-l-carboxylic acid pyridin-3-yl esten 4-[2-(1R-hydroxy.ethyI).pyrimidin-4-yl]- 

2R.6S-<iimethyl-piperazine-1-carboxylicadd 2-nfiethyh)yridin-3-yl esten 4-I2-(1R. 

hydroxy-ethyl)-pyrimldin-4-ylJ-2R.6SKlimethyI-piperazine-1- carboxyiic add S-chloro- 

pyridin-3-yl ester. 4-[2-{1R.hydroxy-ethyI)-pynmldin-4-yO-2R.6S-dimethyl-pipera2ine- 

1-carboxylic add 6-methyl-pyridin-3-yl ester. (E)-1-{442-(1R-hydroxy.ethyl).pyrimidin. 

4-yl]-2R.6S-dimethyl-pipera2in-1-yl}-3-thiophen-2-yl-propenone;1R-(4-i4^4.6. 

dimethyl-pyrimidin-2-yl).3R.5S-dimethyl-plpera2in-1-y0.pyrimldin-2-yl}-etha^^^^ 

[4-(4-methoxymethyl-6-methyl-pyrimidin-2-yl)-3R,5S-dimethyl-pipera2in-1-yO.' 

pyrimidin-2-yl}-ethanol:1R.{4-I4-(4-hydroxymethyW-methy|.pyrimidin-2-yl)-3R^^ 

dimethyl-pipera2in-1-yQ-pyrimidin-2-yl}-ethanol;1R-(4-{3R.5S-dimethy|uK2K^^^ 

plpera2in-1-yl)-pyrimidln-4-yO-pipera2in-1-yl^pyrimidin-2-yl)^thanol;1R-(4-{4-[2-(^ 
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ethyl-pipera2in-1-yl)-pyrimidin-4-yl]-3R,5S-dimethyl-pipera2in-1-^^^^ 
ethanol; 1R-{4-{3R,5S-dimethyM-[2-(4-methyl-imida20l-Vyl)-pyrimidin-4-^^ 
1 .yl}-pyrimidin-2-yl)-ethanol; 1 R-(4-{3R,5S-dimethyM-[2-(2-methyl-imida20l-1-yI)- 
pyrimidin-4-yl]-piperazin-1 -yl}-pyrimidin-2-yl)-ethanol; 1 R-(4-{4-(2-(2.4<limethyl- 
5 imidazol-1-yl)-pyrimidin-4-yl]-3R,5SKlime%l-pipei^in-1-yl}-pyrimi^^ 

1R.(4-{4-[2.(4-isopropyl-piperazin-1-yl)-pyrimidin-4-yl]-3R.5S-dimethyl-pipei^^ 
pyrimidin-2-yl)-ethanol; 1 R-(4^3R,5SKlimethyl-4-[4-me%l-6-(4-methyl-pipera2in-1- 
yl)-[1.3,5]tria2in-2-yO-pipera2in-1-yl}-pyrirnidin-2-yl)-ethanol; 1R-{4-I4-(4-methoxy-6- 
methyl-[1 .3,5]tria2in-2-yl)-3R,5S-dimethyl-pipera2in-1 -yG-pyrimidin-2-yl}-ethanol; 1 R- 

1 0 {4-[4-(4,6-dimethoxy-[1 ,3.5]tria2in-2-y!)-3R,5SKJimethyl-piperazin-1-yQ-pyrimidin-2-yl}. 
ethanol; 1 R-{4-I4-(4-ethoxy-6-methyl-[1 ,3,5]tria2in-2-yl)-3R,5S-dimethyl-pipera2in-1- 
yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4Hsopropoxy-6-methyK1 ,3,5]tria2in-2-yl)-3R,5S- 
dimethyl-piperazin-l -yI]-pyrimidin-2-yl}-ethanol; 1 R-{4-[3R.5S-dimethyl-4-(4-phenyl- 
[1 .3.5]tria2in-2-yl)-piperazin-1 -yI]«pyrinnidin-2-yl}-ethanol; 1 R-{4-[4-{4-hydroxymethyl-6- 

1 5 methoxy-[1 ,3,5]tria2in-2-yl)-3R.5S-dimethyl-pipera2in-1 -yQ-pyrimidin-2-yl}-ethanol; 1 R- 
{4.[4.(4.isopropoxy-6-methoxy-[1,3,5]triazin-2-yl)-3R,5S-dlm 
pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4-isopropyl-[1 ,3,5]tria2in-2-yl)-3R,5S-dimethyl- 
pipera2in-1-yll-pyrimidin.2-yl}-ethanol; 1 R-{4-I4-(4.6-dimethyl-[1 ,3,5]triazin-2-yl)- 
3R,5S-dimethyl-pipera2in-1 -yl]-pyrimidin-2-yI)-€thanol; 1 R-{4-[3R,5S-dimethyl-4-(4- 

20 methyl-6-phenyl-(1 ,3,5]tria2in-2-yl)-pipera2in-1 -yI]pyrimidin-2-yl}-€thanol; 1 R^4-[4-(4- 
cydopropyl-[1 ,3,5]tria2in-2-yl)-3R,5SHJimemyl-piperazin-1 -yO-pyri 
1 R-{4-[4-(4-ethyl-6-methoxy-[1 ,3,5]tria2in-2-yl)-3R,5S-dimethyl-pipera2in-1 -yl]- 
pyrimidin-2-yl}-ethanol; 1R^4-[4-(4,6Klimethyl-pyrimidin-2-yl)-2R,6S'dimethyl- 
pipera2in-1 -yl]- pyrimidin-2-yI}-€thanol; 1 R-{4-[4-(4-hydroxymethyl-6-methyI-pyrimidin- 

25 2-yl)-2R.6S-dimethyl-pipera2in-1 •yO-pyrimidin-2-yl}-ethanol; 1 R-{4-[2R.6S-dimethyl-4- 
(4-[1 ,2,4]tria20l-1 -yl-pyrimidin-2-yl)-piperazin-1 -yl]-pyrimidin-2-yl)-€thanol; 1 R-{4-[4- 
(2,6KJimethyl-pyrimidin-4-yI)-2R,6SKlirnethyl-pipera2in-1-yOi^^ 
1 R-(4-{4-[2-(1 R-hydroxy-^thyl)-pyrimidin-4-yl]-2R.6S-dimethyl-pipera2in-1 -yl}- 
pyrimidin-2-yl)-€thanol; 1 R^4-[4-(2-hydroxymethyl-6-methyl-pyrimidin-4-yl)-2R,6S- 

30 dimethyl-piperazin-l -yIl-pyrimidin-2-yl}-ethanol; 1 R-(4-{4-[2-(1 S-hydroxy-ethyl)- 

pyrimidin-4-yO-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-et^ 1 S-(4-{4^2-(1 R- 

hydroxy-€thyl)-pyrimidin-4-yO-2R,6SKlimethyl-pipera2in-1-yl}-pyrim 

1^4-[4-(2-acetyl-pyrimidin-4-yl)-2R,6S<limethyl-piperazin-1-yl]-pyrimidi 
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15 



20 



25 



30 



ethanone; 1RS-(4-{4-(2-(1RS-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dime 

1-ylhpyrimidin-2.yl)-elhanol;(4.{4.[2-(1R-hydroxy-ethyl)-pyrimidin-4.y|]-3R.5S- 

dimethyl-pipera2in-1-yl}-pyrimidin-2-yl)-ethanone;1R-{4-[2R.6S-dimethyl-4-{2- 

morpholin.4-yi-pyrlmidin-4-yl)-pipera2in-1.yl]-pyrimidin-2-yl}-ethanol;1R-(4-{2R.6S- 
dimethy|.4-t2.(4-methyl-pipera2in.1-yl)-pyrimidin-4-yO-pi^^^^^^ 

ethanol; 1 R-{4-[2R.6S-dimethyM-(2-[1.2.4]triazol-1-yl-pyrimidin-4^^^ 

pyrimidin.2-yl}-ethanol;1R-(4.{4-I2-(1R-hydroxy-ethyl)-pyrimidin^^^^^^^ 

pipera2in-1.y|}.pyrimidin-2.yl).ethanol:1R-(444-[2-(4-ethyl-pi^^^^^ 

yl]-2R.6S-dime%l-ptpera2in.1-y|}-pyrimidln-2-yl)-ethanol;1R.(4-{2R.6S-dimethyM-[^^ 

(4-methyl-imida2ol-1-y|).pyrimidin.4-yl]i3ipera2in.1.ylhpyrimidin-2-yl)-ethanoM 
I4-(4Kydopropyl-[1.3.5Jtria2in-2-yl)-2R.6S-dime%l-pipera2in-1^ 

ethanol;1R-{4-I4-(4.6-dimethyl.[1.3.5]tria2in-2-yl)-2R.6S-dimeth^^^^^ 

pyriniidin-2-yl}-ethanol;1R^4-[4.(4.hydroxymethy|.6-phenyK1.3.5]triaa^^^^^ 

dimethyl-piperazin.1.yl]-pyrimidin-2-ylHthanol; 1 R-{4-[4-(4-methoxy-6- 

methoxymethyl-[1.3.5]triazin-2-yl)-2R.6S-dime%l-pipera2in.1-yl^^^^^ 

elhanol;1R-{4-[2R.6S-dimethyl^4-methy|.(1.3.5]triazin-2-yl)-pipera^^^^^ 

pyrimidin-2-yl-ethanoI;1R-(4^4-[2-(2.4-dimethyl-imida2ol-1-yl^^^^^ 

dlmethyl-pipe^a2in-1-y|^pyrimidin-2-yl).ethanol:1R-{4-(2R.6S-di^1ethyl^(4. 

morpholin-4-yl-[1.3.5]tria2in-2-yl)-pipefa2in-r-yQ-p>midin-2-ylH 
methoxy-6-methyi-t1.3.5]tria2in-2-yl)-2R.6S-dimethyl-piper^^^^ 

ethanol;1R44-[4.(4.6-dimethoxy-[1.3.5]tria2in-2-yl)-2R.6S-dimeth^^^^^^ 

pyrimidin-2-yl}-€thanol:1RH4-[4-(4-methoxymethyl-6-phenyK1.3.5]tria^^^^^^ 

2R.6S-dimethyl-pipera2in-1-yO-pyrimidin-2-yl}-ethanol;1R-{4-I2R.6S.dimethyl-4-(4. 

phenyl-[1.3.5]tria2in-2-yl)-pipera2in-1-yl]-pyrimidin-2-yl}-ethanol;1R.{4-I4.(4. 

hydroxymethyl-6-me%l-pyrimidin-2-yI)-3S-melhyl-p,pera2in-1-yO-^^^^^^ 

ethanol;1RH4-[4-(2-hydroxymethyl-pyrimidin-4-yl)-3S-methyl-^^^ 

pyrimidin-2-yl}^thanol;1R^4.[4-(2-hydroxymethyl-6-methyl-pyri^^^ 

methyl-pipera2in-1-yO-py-rimidin-2-yl>ethan6l;1R-[4-(3S-methyl-4^xa2olof6.4- 

b]pyridin-2-yl-pipera2in-1-yl)-pyrimidin-2-ylHthanol;1R.[4-(3S-meft^^^ 

b]pyridin-2-yl-pipera2in-1-yl)-pyrimidin-2-yO-ethanol;1R-[4-{3S-me%^^ 

yl-plpera2in.1-y|>pynmidin-2-yl]^thanol;(4-{4-[2-(1R.hydroxy^^ 

2R.5S-diniethyl-pipera2ln-1-y|^pyrimidin-2-yl)-ethanoI;1S-(4-{4-[^(1R-^^^ 

pyrimidin^yO-2R.6S.dimethyl-pipera2in.1-yI^pyrimidin.2-yl)-^^^ 
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hydroxy-^thyl)-pyrimidin-4-yl]-2R-methyl-piperazin-1 -yl}-pyrimidin-^^ 1 -{4- 

[4-(2-acetyl-pyrimidin-4-yl)-2R*,6S*<limethyl-piperazin-1-yO-pyrim 

or 1 -(-4^4-[2-(1 R-hydroxy-ethyI)-pyrimidin-4-yl]-2R,6S-dimethyl-pipera^ 

pyrimidin-2-yl)-ethanone. 

16. A compound of claim 12. a prodmg thereof or a phamiaceutically 
acceptable salt of said compound or said prodrug wherein: 
R^ is (R)-1 -hydroxy-ethyl; and 
RMs 




17. The compound of claim 16, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R° is 2-furo[3.2*c]pyridyL 

18. A compound of claim 1 2, a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug wherein: 

R^ is (R)-1-hydroxy-€thyl; and 
R'is 




19. The compound of claim 18, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R® is 3-pyridyl; 3-(2- 
methylpyridyl); 3-(5-chloropyridyl); or 3-{6-methyipyridyI). 

20. A compound of claim 12, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: 

R^ is (R)-1*hydroxy-ethyl; and 
RMs 
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20 



r" 



Me^ ^Me 




N 



21 . The compound of compound of claim 20. a prodrug thereof or a 
phanmaceutically acceptable salt of said compound or said prodrug wherein: R» is 2- 
thienyl. 

5 22. A compound of claim 1 2. a prodrug thereof or a pharmaceutically 

acceptable salt of said compound or said prodrug wherein: 

is (R)-1 -hydroxy-ethyl; 
R'is 

f 

; and 

10 R' is pyrimidyl or triazinyl; said pyrimidyl or triazinyl is optionally substituted with up to 
two hydroxy. (C,-C,)alkyl, (C3-C,)cycloalkyl, (C,-C,)alkoxy. hydroxy-{C,-C,)alkyl. (C,- 
C,)alkoxy-(CrC4)alkylenyl. phenyl, piperazinyl optionally substituted with (C,-C4)alkyl. 
or imidazolyl optionally substituted with up to two (C,-C4)alkyl. 

23. A compound of claim 22. a prodmg thereof or a pharmaceutically 
1 5 acceptable salt of said compound or said prodnjg wherein: R« is pyrimid-2-yl 

optionally substituted with up to two (C,-C4)alkyl, hydroxy-(C,-C4)alkyl or (C,- 
C4)alkoxy-(CrC4)aikyl. 

24. The compound of claim 23, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R« is 4,6-dimethylpyrimid- 
2.yl: 4-methoxymethyl-6-methylpyrimid-2-yl: or 4-hydroxymethyl-6-methylpyrimid.2-yl. 

25. A compound of daim 22, a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug wherein: R' Is pyrimid-4-yl 
optionally substituted with up to two (CrC4)alkylpipera2ln-1.yl or imidazolyl; and said 
imidazolyl is optionally substituted with up to two (C,-C4)alkyl. 
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26. The compound of claim 25, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R® is 2-(4- 
methylpipera2in-1-yl)-pyrimid-4-yl; 2-(4-ethylpiperazin-1-yl)- pyrimid-4-yl; 2-(4- 
methylimidazol-1-yl)- pyrimid-4-yl; 2-(2-methylimidazoH-yl)- pyrimid-4-yl; 2-(2,4- 

5 dimethylimidazol-l-yl)- pyrimid-4-yl; or 2-(4-isopropylpiperazin-1-yl)-pyrimid-4-yl. 

27. A compound of claim 22. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: is [1.3,5]-triazin-2-yl 
optionally substituted with up to two (CrC4)alkyl, (CrC4)alkoxy. hydroxy-(CrC4)alkyl. 
(CrC4)alkylpiperazin-1-yl or phenyl. 

1 0 28. The compound of claim 27, a prodrug thereof or a pharmaceutically 

acceptable salt of said compound or said prodrug wherein: R' is 4-methyl-6-(4- 
methylpipera2in-1-yl)-[1 ,3.5]-triazin-2-yl; 4-methoxy-6-methyK1,3,5]-triazin-2-yl; 4.6- 
dimethyoxy-[1 .3.5]-triazin-2-yl; 4-ethoxy-6-methyl-[1 .3.5]-tria2in-2-yl; 4-isopropoxy-6- 
methyl-I1 .3»5]-tria2in-2-yl; 4-phenyl-[1 .3,5]-triazin-2-yl; 4-hydroxymethyl-6-methoxy- 

1 5 [1 ,3.5]-triazin-2-yl; 4-isopropoxy-6-methoxy-[1 .3.5]-tria2in-2-yl; 4-isopropyl-[1 ,3.5]- 

triazin-2-yl; 4-ethyl-6-methoxy-[1 ,3.5]-tria2in-2-yl; 4-cydopropyl-[1 .3.5]-triazin-2-yl; 4,6- 
dimethyl-[1 ,3.5J-tria2in-2-yl; or 4-methyl-6-phenyK1 ,3.5]-tria2in-2-yI. 

29. A compound of claim 1 2, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 

20 R^ is (R)-1 -hydroxy-ethyl; 



R® is pyrimidyl or triazinyl. said pyrimidyl and triazinyl optionally substituted with up to 
two hydroxy. (CrC4)alkyl. (C3-C7)cycloalkyl. (CrC4)alkoxy. hydroxy-(C,-C4)alkyl. (C,- 
25 C4)alkoxy-(CrC4)alkyl. triazolyl, acetyl, morpholinyl. (Ci-C4)alkylpiperazinyl, phenyl or 
imidazolyl optionally substituted with up to two (CrC4)alkyL 

30- A compound of claim 29, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R® is pyrimid-2-yl 
optionally substituted with up to two (CrC4)alkyl. hydroxy-(CrC4)alkyl or triazolyl. 



IS 




;and 
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31 . The compound of claim 30, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R« is 4.6-dimethyl-pyrimid- 
2-yl; 4-hydroxymefhyl-6-methyipyrimid-2-yl; or 4-[1 .2.4]-tria2ol-1-yl-pyrimid-2-yl. 

32. A compound of claim 29. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodnjg wherein: R« is pyrimid-4-yl 
optionally substituted with up to two (C,-C4)alkyl. hydroxy-(CrCJalkyl. acetyl, 
morpholinyl. (C,-C4)alkylpiperazinyl. triazolyl or imidazolyl optionally substituted with 
up to two (C,-CJalkyl. 

33. The compound of claim 32. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R« is 2.6-dimethyl-pyrimid- 
4-yl; 2-hydroxymethyI-6-methyl-pyrimid-4-yl; 2-acetyl-pyrimid.4-yl: 2-morpholin^-yl- 
pyrimid-4-yl; 2-(4-methylpiperazin-1 -yl)-pyrimid-4-yl: 2-[1 ,2.4]-fria2ol-1 -yl-pyrimid^-yl; 
2-(1 S-hydroxyethyI)-pyrimid-4-yl; 2-( 1 R-hydroxyethyl)-pyrimid-4-yl; 2.(4- 
ethylpipera2in-1-yl)-pyrimid-4-yl; 2-(4-methylimida20l-1-yl)-pyrimid^.yl; or 2-(2,4- 
dimethylimida2ol-1-yl)-pyrimid-4-yl. 

34. A compound of claim 1 2 wherein 
R' is (R)-l-hydroxyethyl; R" Is 

f 



Me' ^Me 

;and 



R» is 2-(1R.hydroxyethyl-pyrimid-4-yl. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

35. A compound of claim 29. a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug, wherein R" is (1 .3,5]-tria2in-2-yl 
optionally substituted with up to two hydroxy, (C,-C,)alkyl. (C3-C,)cycloalkyl. hydroxy- 
(CrCOalkyl. (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)alkoxy. morpholinyl or phenyl. 

36. The compound of daim 35. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R« Is 4-morphoIin-4-y|- 
I1.3.5]-tria2in-2-yl:4-methoxy-6-methyl-t1,3.5]-tria2ln-2-yl;4.6-dlmethoxy-[1.3.5]- 
lriazin.2.yl: 4-phenyK1.3.5]-tria2in.2.yl; 4.cyclopropyK1.3.51.tria2in-2-yl: 4,6Kjimethyl- 
[1 .3,5]-triazin-2.yl: 4-hydroxymethyl-6-phenyl-[1 ,3.51-triazin-2-yl; 4-methoxy-6- 
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methoxymethyl-[l ,3,5]-triazin-2-yl; 4-methyK1 .3.5]-tria2in-2-yl; or 4-methoxymethyl-6- 
phenyl-l1 .3.5]tria2in-2-yl. 

37. A compound of claim 1 2, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 

Is (R)-l-hydroxy-ethyl; 
R'is 

R- 
I 



a 



N 

' ;and 

R' is pyrimidyi. quinoxalyl or oxazolopyridyl optionally substituted with up to two (C,- 

C4)alkyl. (C,-C4)a!koxy or hydroxy-(C,-C4)aIkyl. 
10 38. The compound of claim 37, a prodrug thereof or a phannaceutically 

acceptable salt of said compound or said prodrug wherein: R' is 4-hydroxymethyl-6- 

methyl-pyrimid-2-yl; 2-hydroxymethyl-pyrimid-4-yl; 2-hydroxymethyl-6-methyi-pyrimid- 

4-yl; 2-(oxazolo[5,4-b]pyridyl; or 2-(oxazolo[4,5-b]pyridyl; 2-quinoxalyl. 

39. A compound of claim 1 2, a prodnjg thereof or a pharmaceutically 
1 5 acceptable salt of said compound or said prodrug wherein: 

R' is (R)-1-hydroxy-ethyi; 

R'is 

R» 
I 



CI 



N Me 
^ ; and 

is pyrimidyi optionally substituted with up to two (Ci-C4)allcyl, (CrC4)alkoxy, 
20 hydroxy-(CrC4)alkyl, 

40. The compound of claim 39, a prodnjg thereof or a phannaceutically 
acceptable salt of said compound or said prodrug wherein: R® is 2-(1R-hydroxyethyl)- 
pyrimid-4-yl. 
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41. A compound of claim 1 2, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 
R' is (R)-l-hydroxy-ethyl; 
R^is 

r" 

Me,. M 



a 



N 'Me 



;and 

R' is pyrimidyl optionally substituted with up to two (C,-C4)alkyl, (C,-C4)alkoxy, 
hydroxy-(C,-C4)alkyl. 

42. The compound of claim 41 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R" is 2-(1R-hydroxyethyl)- 

10 pyrimid-4-yl. 

43. A compound of claim 12. a prodmg thereof or a pharmaceuticaHy 
acceptable salt of said compound or said prodmg wherein: 

R' is (Shi-hydroxy-ethyl; 
R'is 

R» 
I 



XX 



Me N Me 

:and 



R' is pyrimidyl optlonaUy substituted with up to two (CrC4)aikyi. (C,-C,)alkoxy or 
hydroxy-(CrC4)alkyl. 

44. The compound of claim 43. a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: R» is 2-(1R-hydroxy-ethyl)- 

20 pyrimid-4-yl. 

45. A compound of daim 12, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: 

R' is acetyl; 
R'is 
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;and 

is pyrimidyl optionally substituted with up to two (CrC4)alkyl, (C,-C4)alkoxy, acetyl 
or hydroxy-(CrC4)alkyl. 

46. The compound of daim 45, a prodrug thereof or a pharmaceutically 

5 acceptable salt of said compound or said prodrug wherein: R® is 2-acetyl-pyrimid-4-yl; 
or 

2-(1 R-hydroxyethyl)-pyrimid-4-y[. 

47. A pharmaceutical composition comprising a compound of claim 1 , a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 

1 0 prodrug and a pharmaceutically acceptable earner or diluent. 

48. A method of inhibiting sorbitol dehydrogenase in a mammal in need of 
such inhibition comprising administering to said mammal a sorbitol dehydrogenase 
inhibiting amount of a compound of claim 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

15 49. A method of treating diabetes in a mammal suffering from diabetes 

comprising administering to said mammal an effective amount of a compound of daim 
1 , a prodmg thereof or a phamriaceutically acceptable salt of said compound or said 
prodnjg. 

50. A method of treating or preventing diabetic complications in a mammal 
20 comprising administering to said mammal an effective amount of a compound of daim 

1 . a prodmg thereof or a phanmaceutically acceptable salt of said compound or said 
prodrug. 

51 . A pharmaceutical composition comprising a compound of daim 1 , a 
prodrug thereof or a phanmaceutically acceptable salt of said compound or said 

25 prodmg and an aldose reductase inhibitor, a prodmg thereof or a phanmaceutically 
acceptable salt of said aldose reductase inhibitor or said prodmg. 

52. A method of treating diabetes in a mammal suffering from diabetes 
comprising administering to said mammal an effective amount of a compound of daim 
1, a prodmg thereof or a pharmaceutically acceptable salt of said compound or said 
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prodrug and an aldose reductase inhibitor, a prodrug of said aldose reductase 
inhibitor or a phamiaceutically acceptable salt of said aldose reductase inhibitor or 
said prodrug. 

53. A method of treating or preventing diabetic complications in a mammal 
5 comprising administering to said mammal an effective amount of a compound of claim 
1 , a prodrug thereof or a pharmaceutically acceptable of said compound or said 
prodrug and an aldose reductase inhibitor, a prodrug of said aldose reductase 
inhibitor or a phamiaceutically acceptable salt of said aldose reductase inhibitor or 
said prodnjg thereof. 

10 54. A pharmaceutical composition comprising a compound of claim 1 , a 

prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodnjg of said 
NHE-1 inhibitor or a phamiaceutically acceptable salt of said NHE-1 inhibitor or said 
prodrug thereof. 

15 55. A method of treating or preventing diabetic complications in a mammal 

comprising administering to said mammal an effective amount of a compound of claim 
1 . a prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug and a sodium hydrogen ion exchange (NHE-1 ) inhibitor, a prodmg of said 
NHE-1 inhibitor or a phamiaceutically acceptable salt of said NHE-1 inhibitor or said 

20 prodrug. 

56. A rnethod of treating diabetes in a mammal suffering from diabetes 
comprising administering to said mammal an effective amount of a compound of claim 
1, a prodnjg thereof or a phamnaceutically acceptable salt of said compound or said 
prodnjg, and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodrug of said 

25 NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 inhibitor or said 
prodmg. 

57. A method of inhibiting soriDltol dehydrogenase in a mammal in need 
thereof comprising administering to said mammal a pharmaceutical composition of 
claim 47. 

30 58. A method of treating ischemia in a mammal suffering from ischemia 

comprising administering to said mammal a pharmaceutical composition of claim 54. 

59. A method of treating or preventing diabetic complications in a mammal 
comprising administering to said mammal a phanmaceutical composition of claim 47. 
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60. A compound of claim 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 

is C(OH)R^R^ where R^ and R^ are each independently hydrogen or methyl; 
R^ is hydrogen; 
5 R^is 




wherein said piperazinyl R^ is substituted by R^ R^ or R«; 

G. and G^ are taken separately and are each hydrogen and R® is hydrogen or (C,- 
C4)alkyl; R^ and R® are each independently hydrogen or (CrC4)alkyl; or 
10 G and G' are taken together and are (CrC3)alkylene and R^ R^ R* and G^ are 
hydrogen; or 

G' and G^ are taken together and are (CrC3)alkylene and R^ R^ R* and G are 

hydrogen; 

qisOorl; 

15 X is a covalent bond, oxycarbonyl.vinylenylcarbonyl. oxy{Ci-C4)aikylenylcarbonyl. 
thio(CrC4)alkylenylcarbonyl or vinylenylsulfonyl; said vinylenylcarbonyl and said 
vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyl 
carbons with (CrC4)alkyl. benzyl or Ar; said oxy(CrC4)aIkylenylcarbonyl and said 
thio{CrC4)alkylenylcarbonyl in the definition of X are optionally substituted with up to 

20 two (CrC4)alkyl, benzyl or An 

R® is (C3-C7)cycloalkyl, Ar'-(Co-C4)alkylenyl or (C,-C6)alkyl optionally substituted with 
up to five fiuoro; 

Ar^ is phenyl, naphthyl. pyridyl, pyrimidyl. pyrazinyl. pyridazinyl. triazinyl. quinolyl. 
isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl. cinnolinyl. naphthyridinyl, pteridinyl, 
25 pyrazinopyrazinyl, pyrazinopyridazinyl, pyrimidopyridazinyl. pyrimidopyrimidyl, 

pyridopyrimidyl, pyridopyrazinyl, pyridopyridazinyl. pyn-olyl, furanyl, thienyl. imidazolyl, 
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oxazolyl. thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl. triazolyl, oxadiazolyl, thiadiazolyl, 
tetrazolyl, indolyl, benzofuranyl, benzothienyl, benzimidazolyl. benzoxazolyl, 
benzothiazolyl, indazoiyi, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyl, furopyridyl, 
thienopyridyl, imidazolopyridyl, oxazolopyridyl, thiazolopyridyl. pyrazolopyridyl, 
5 isoxazolopyridyl. isothiazolopyridyl. pyrrolopyrimidyl, furopyrimidyl, thienopyrimidyl. 
imidazolopyrimidyl. oxazolopyrimidyl, thiazolopyrimidyl, pyrazolopyrimidyl, 
isoxazolopyrimidyl, isothiazolopyrimidyl. pyrrolopyrazinyl, furopyrazinyl. 
thienopyrazinyl. imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyl, 
pyrazolopyrazinyl, isoxazolopyrazinyl. isothiazolopyrazinyl. pyrrolopyridazinyl. 
10 furopyridazinyl. thienopyridazinyl, imidazolopyridazinyl. oxazoiopyridazinyl. 

thiazolopyridazinyl. pyrazolopyridazinyl. isoxazolopyridazinyl or isothiazolopyridazinyl; 
and 

said Ar^ is optionally substituted as set forth above; 
kis 0. 1,2, 3 or 4; 

15 YMs a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 

is {C3-C7)cycloalkyl. Ar*-(Co-C4)aIkylenyl. NR^^R^ or (CrC6)alkyl optionally 
substituted with one to five fluoro; provided that when is a covalent bond or 
oq^carbonyl, then R^ is not NR*^R^; 
R^^ and R^ are taken separately and are each independently selected from hydrogen, 

20 At*. (CrC6)aIkyl and Ar*-(Co-C4)a!kylenyl; or 

R*^ and R^ are taken togettier with the nitrogen atom to which they are attached to 
fomfi azetidinyl, pyn-olidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl. 
azabicydo[3.2.2]nonanyi. azabicyclo[2.2.1]heptyl, 1,2.3,4-tetrahydroisoquinolyl. 6.7- 
dihydro-5H-dibenzoIc,e]azepinyl or 5,6,7.8-tetrahydropyrido[4,3-d]pyrimidyl; said 

25 azetidinyl in the definition of R*^ and R^ are optionally substituted with one hydroxy, 
amino. hydroxy-(CrC4)alkyl. (CrC4)alkoxy.(CrC4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with up to 
fluoro; said pyrrolidinyl. piperidinyl and azepinyl in the definition of R^^ and R** are 
optionally substituted with up to two hydroxy, amino, hydroxy-(CrC4)alkyl. (Cr 

30 C4)alkoxy-{CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R^^ anrfR** is optionally substituted with up to two substituents independently 
selected from hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally 
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substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl. 1.2,3.4-tetrahydroisoquinolyl and 5,6.7.8-tetrahydro[4,3- 
djpyrimidyl in the definition of R^^ and R^® are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-(CrC4)aIkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl 
5 optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; and said 6,7-dihydro-5H-diben2o[c,e]azepinyl in the definition of R^^ 
and R^ are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(Cr 
C4)alkyl. (Ci-C4)alkoxy-(CrC4)aIkyl, (Ct-C4)alkyl optionally substituted with up to five 
fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; 
10 Ar^ is independently defined as set forth for Ar and Ar^ above; 

Ar^ is optionally independently substituted as set forth for Ar and Ar^ above. 

61 . A compound selected from: 
1 R-(4-{1 -[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-[4,4]bipiperidinyl-1 -yl}-pyrimidin-2-yl)- 
ethanol; 

15 furo(3.2-c]pyridin-2-yK4-[2-{1R-hydroxy-ethyl)-pyrimidin-4-yl]-3R,5S-dimethyl- 
piperazin-1 -yl}-methanone; 

(4-chloro-furo[3,2-c]pyridin-2-yl)-{4-[2-(1R-hydroxy-ethyi)-pyrimidin-4-yl]-3R,5S- 
dimethyl-pipera2in-1-yl}-methanone; 

{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-3R.5S-dimethyl-pipera2in-1-yl}-(4-pyrrolidin-1- 
20 yt-furo[3,2-c]pyridin-2-yl)-methanone; 

{4-[2-(1R-hydroxy-ethylVpyrimidin-4-yO-3R,5SHjimethyl-piperazin-1-yl}-(4-morpholin- 
4-yl-furo[3,2-c)pyridin-2-yl)-methanone; 

{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-3R,5S-dimethyl-piperazin-1 •yl}-imida2o[1 ,2- 
a]pyridin-2-yl-methanone; 
25 furo[3,2-c]pyridin-2-yl-{4-(2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl- 
piperazin-1-yI}-methanone; 

4-[2-(1 R-hydroxy-€thyl)-pyrimidin-4-yl]-2R.6S-dimethyl-piperazine-1 -carboxylic acid 
pyridin-3-yl ester; 

4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R.6S-dimethyl-pipera2ine-1-carboxylic acid 2- 
30 methyl-pyridin-3-yl ester; 

4- [2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazine-1- cart>oxylic acid 

5- chloro-pVridin-3-yl ester; 
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4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl)-2R,6S-dimethyl-pipera2ine-1-car^^ acid 6- 
methyi-pyridin-3-yi ester; 

(E)-1-{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-yO^ 
thiophen-2-yl-propenone; 
5 1R-{4-[4-(4.6-dimethyi-pyrimidin-2-yI)-3R,5S<limethyl-pipera2in-1-yl]-py 
ethanol; 

1R^4-[4-(4-methoxymethyl-6-methyl-pyrimidin-2-yI)-3R,5S-dimethyl-pi^ 
pyrimidin-2-yl}-ethanol; 

1R-{4-[4-(4-hydroxymethyl-6-methyl-pyrimidin-2-yl)-3R,5SKlimethyl^ 
1 0 pyrimidin-2-yl}-ethanol; 

1 R-(4-{3R,5S-dimethyl-4-[2-{4-methyl-pipera2in-1 -yi)-pyrimidin-4-yl]-pipera2in-1 -yl}- 
pyrimidin-2-yl)-ethanol; 

1R-(444-[2-(4-ethyl-pipera2in-1-yl)-pyrimidin-4-yl]-3R,5S<iimethyl-pipera2 
pyrimidin-2-yl)-€thanol; 
15 1R-(4-{3R,5S-dimethyl-4-I2-(4-methyl-imidazol-1-yl)-pyrimidin-4-yl]-pi^ 
pyrimidin-2-yl)-ethanoI; 

1R-(4-{3R,5S-dimethyl-4-[2-{2-methyl-imida20l-1-yl)-pyiimidin-4-yl]-pip^ 
pyrimidin^2-yl)-ethanol; ^ 

1R-(4-{4-[2-(2,4Hjimethyl-imida2ol-1-yl)-pyrimidin-4-yQ-3R,5S-dimethy^ 
20 pyrimidin-2-yl)-ethanol; 

1 R-(4^4-[2-{4-isopropyl-pipera2in-1 -yl)-pyrimidin-4-yl]-3R,5S-dimethyl-pipera^^ -yl}- 
pyrimidin-2-yl)-ethanol; 

1 R-(443R.5SHjime%M-[4-methyl-6K4-methyl-pipera2in-1-ylH1 .3,5]tri 
piperaan-1-yl}-pyrimidin-2-yl)-ethanol; 
25 1 R-{4-[4-(4-methoxy-6-methyK1 .3,5]tria2in-2-yl)-3R.5S-dimethyl-pipera2in-1 -yl]- 
pyrimidin-2-yl}-ethanol: 

1 R-{4-[4-(4,6-dimethoxy-[1 .3,5]tria2in-2-yl)-3R.5S-climethYl-piperazin-1 -yl]-pyrimidin-2- 
yI}-ethanol; 

1 R-{4-[4-{4-ethoxy-6-methyl-[1 ,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1 -yl]- 
30 pyrimidin-2-yl}-ethanol; 

1 R-{4-[4-(4-isopropoxy-6-methyl-[1 ,3,5]tria2in-2-yl)-3R,5S-<Jimethyl-pipera2in-1 -yl]- 
pyrimidin-2-yl}-€thanol; 
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1R-{4-[3R.5S-dimethyM-(4-phenyK1.3.5]triazin-2-yl)-piperazin-1-^^^ 
ethanol; 

1 R.{4.[4-(4-hydroxymethyl-6-methoxy-[1 ,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1- 

yl]-pyrimidin-2-yl}-ethanol; 
5 1 R-{4-[4-(4-isopropoxy-6-methoxy-[1 ,3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin.1 -yl]- 

pyrimidin-2-yl}-ethanol; 

1 R-{4-[4-(4-isopropyl-[1 .3.5]triazin-2-yl)-3R.5S-dimethyl-piperazin-1 -yl]-pyrimidin-2-yl}- 
ethanol; 

1R^4.[4.(4-ethyl-6-methoxy-[1,3,5]tiiazin-2-yl)-3R,5S-dimethyl-pipera^^ 

1 0 pyrimidin-2-yl}-€thanol; 

1 R-{4-[4-(4,6-dimethyl-pyrimidin-2-yl)-2R,6S-dimethyl-piperazin-1 -yl]- pyrimidin-2-yl}- 

ethanol; 

1R^4.[4-{4-hydroxymethyl-6-methyl-pyrimidin-2-yl)-2R,6SKjimethyl-pipera^^ 

pyrimidin-2-yl}-ethanol; 
15 lR-{4-[2R,6S-dimethyW-(4-[1,2.4]triazol-1-yl-pyrimidin-2-yl)^^ 

2-yl}-ethanol: 

lR^4-[4.(2,6Hjimethyl-pyrimidin-4-yl)-2R.6S-dimethyl-piperazin-1-yQ-py 
ethanol; 

1R-(4-{4.[2^(1R.hydroxy-ethyl)-pyrinriidin^-yll-2R.6S-diniethyl-pipera^ 

20 pyrimidin-2-yl)-ethanoI; 

1R-{4-[4-(2-hydroxynriethyl-6-niethyl-pyrimidin-4-yl)-2R.6S-dimethyI-piperazin-1-^^ 

pyrinriidin-2-yl}-ethanol; 

1 R.(4-{4.[2-(1 S-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1 -yl}- 
pyrinnidin-2-yl)-^thanol; 
25 1 S-(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-yl}- 
pyrimidin-2-yl)-ethanol; 

H4-[4-(2-acetyl-pyriniidin^-yl)-2R,6SKjimethyl-piperazin-1-yl]-pyrimid^^^^ 
ethanone; 

1 RS-(4-{4-[2-(1 RS-hydro)cy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1 -yl}- 
30 pyrimidin-2-yl)-ethanol; 

(4-{4-[2-( 1 R-hydroxy-ethyl)-pyrimidin^-yl]-3R.5S-dimethyl-piperazin-1 -yl}-pyrimidin-2- 

yl)-ethanohe; 
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1R-{4-[2R,6S-dimethyl-4-(2-moipholin-4-yl-pyrimidin-4-^ 
yl}-ethanol; 

1R-(4-{2R,6S-dimethyl-4-I2-{4-methyl-piperazin-1-yl)-pyrimidin^^^ 

pyrimidin-2-yl)-ethanol; 
5 1R44-[2R,6S-dimethyl-4-(2-[1,2.4]tria20l-1-yl-pyrimidin^-yl)-pipera2in 

2-yl}-ethanol; 

1 R.(4.{4.[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R.6RKJimethyl-pipera^^ 
pyrimidin-2-yl)-ethanol; 

1 R-{4-{4-[2-(4-ethyl-pipera2in-1 -yI)-pyrimidin-4-yl]-2R.6S-dimethyl-piperazin-1 -yl}- 

10 pyrimidin-2-yl)-ethanol; 

1 R-(4-{2R,6SHjimethyl-4-[2-(4-me%l-imida20l-1 -yl)-pyrimidin^ 

pyrimidin-2-yl)-ethanol; 

1R.(4.{4-[2-(2,4<limethyl-imida20l-1-yl)-pyrimidin-4-yl]-2R.6SHJim 
pyrimidin-2-yI)-ethanol; 

1 5 1 R-{4-[2R,6S-dimethyM-(4-morpholin-4-yl-[1 .3,5]tria2in-2-yl)-pipera2in-1 -yl]-pyrimidin- 
2-yl}-ethanol; 

1 R-{4-[4-(4-methoxy-6-methyl-t1 ,3,5]tria2in-2-yl)-2R,6SKjimethyl^ 
pyrimidin-2-yl}-ethanol; 

1 R-(4.[4.(4 ,6-dimethoxy-[1 ,3.5]tria2in-2-yl)-2R,6S-dimethyl-piperazin-1 -yl]-pyrimidin-2- 
20 yl}-ethanol; 

1 R-{4-[2R,6S-dimethyl-4-(4-phenyl-[1 ,3.5]triazin-2-yI)-piperazin-1 -yl]-pyrimidin-2-yl}- 
ethanol; 

1R^4.[4.(4.hydroxymethyl-6-methyl-pyrimidin-2-yl)-3S-methyl-pipera2in^ 
pyrimidin-2-yl}-€thanol; 
25 1R4444-(2-hydroxymethyl-pyrimidin-4-yI)-3S-methyl-pipera2in-1-yQ-pyri 

ethanol; 

1R^4-[4.(2-hydroxymethyl-6-memyl-pyrimidin-4-yl)-3S-methyl-pipera2in-1-^^^ 
rimidin-2-yl}-ethanol; 

1R-[4-{3S-methyl-4<)xa2olo[5Ab]pyridin-2-yl-pipera2in-1-yl)-pyrimidin^ 
30 1R.[4-(3S-methyMK)xa2olo[4,5-b]pyridin-2-yl-pipera2in-1-yl)-pyrimidin-2-yO^^^ 
1 R-[4-(3S-methyl-4<|uinoxalin-2-yl-pipera2in-1 -yl)-pyrimidin-2-y^ 
1 R^4.[4.(4,6Klimethyl-[1 .3,5]tria2in-2-yl)-3R.5SKjimethyl-pipera^^ 
yI}-ethanol; 
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1 R.{4.[3R.5S-dimethyM-(4-methyl-6-phenyK1 ,3,5]tri^^^ 
yl]pyrimidin-2-yl}-ethanol; 

1R-{444-{4-cyclopropyK1.3.5]triazin-2.yl)-3R,5S-dimethyl-piperazin.^ 
yl}-ethanol; 

5 iR4444.{4-cyclopropyl-l1.3,5]triazin-2.yl)-2R.6S-dimethyl-piperazi 
y|}-ethanol; 

1 R^4.[4-(4,6-dimethyl-[1 ,3.51triazin-2.yl)-2R.6S-dimethyl-piperazin-1 -yl]-pyrimidin-2- 
yl}-ethanol; 

1R.{4.[4-(4-hydroxymethyl-6-phenyK1.3.5]triazin.2-yl)-2R.6SKJimem^^ 

1 0 pyrimidin-2-yl}-ethanol; 

1 R.{444-(4-methoxy-6-methoxymethyl-[1 .3.5]triazin-2-yI)-2R,6S-dim 

yl]-pyrimidin-2-yl}-ethanol; 

1 R-{4-[2R,6S-dimethyM-(4-methyl-[1 ,3.5]triazin-2-yl)-piperazin-1 -yl]-pyrimidin.2-yl- 
ethanol; 

1 5 1 44-l4-(2-acetyl.pyrimidin-4 Y0-2R\6S*-dimethyl-piperazin-1 -yll-pyri 
ethanone; 

1-H-{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimem^^^ 
pyrimidin-2-yI)-ethanone; 

1R^4-[4.(4-methoxymethyl-6-phenyl-[1.3,5]-triazin-2.yl)-^^^^ 

20 yl]-pyrimidin-2-yI}-ethanol; 

(4^4-[2.{1R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,5S-dimem^^^ 

yl)-€thanol; and 

1 S-(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6SKiirre^ 

pyrimidin-2-yl)-ethanol. 
25 62. A compound of the formula l^ 




1^ 



wherein: 
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R' is C-(OR~)R*R*. where R" is independently (C,-C4)alkyl. benzyl. (C,- 
C6)alkylcarbonyl or phenylcarbonyl. where said benzyl and said phenyl are optionally 
substituted with up to three (C,-C4)alkyl. (CrC4)alkoxy. halo or nitro; 
R* and R* are each independently hydrogen, methyl, ethyl or hydroxy-(C,:C3)alkyl; 
5 R^ is hydrogen. (C,-C4)alkyl or (C,-C4)alkoxy: 
R' is a radical of the fomnula 
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wherein said radical of formula is substituted by R^ and R»; 

said radical of formula R* is substituted by R". R" and R»; 

G and are taken separately and are each hydrogen and R« is hydrogen. (C- 

5 c])alkyl. {C,-C.)alkoxycarbonyl. (C,-C.)alkoxy-(CrC.)alkyl. hydroxy-(CrC.)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-Cjalkyl. (C,-C.)alkoxy-(C,-C.)alkyl. (CrC4)alkyl or (C,-C.)alkO)cy. wherein said 
(C,-C.)alkyl in the definition of R« and .said (C,-C.)alkoxy in the definition of R'are 
optionally and independently substituted with up to five fluoro; R^ and R' are each 

1 0 independently hydrogen or (CrC4)alkyl; or 

G and G' are taken together and are (C,-C3)alkylene and R«. R\ R' and are 

hydrogen; or 

G' and G^ are taken together and are (CrC3)alkytene and R» R^ R' and G are 
hydrogen; 
15 qisOorV, 

X is a covalent bond. -(C=NR'°)-. oxycarbonyl. vinylenylcarbonyl. oxy(Cr 
Oalkylenylcarbonyl. (C,-COalkylenylcarbonyl. (C3-C,)alkenylcarbonyl. thlo(C,- 
C,)alkylenylcarbonyl.vinylenylsulfonyl.-sulfinyl-{e,<;i)alkylenylcarbonyl.sulfGnyKC,- 

Oalkylenylcarbonyl or carbonyKCo-CJalkylenylcafbonyl: wherein said oxy(C,- 
20 Oalkylenylcarbonyl. (CrC.)alkylenylcarbonyl. (C,-C,)alkenylcarbonyl and thio(C,- 
CJalkylenylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (C,-C.)alkyl. benzyl or An said vinylenylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 
or two vinylenyl carbons with (CrC4)aikyl. benzyl or Ar. and said carbonyl(Co- 
25 C4)alkylenylcarbonyl in the definition of X is optionally substituted indepedently with up 
to three (Ci-COalkyl. benzyl or Ar, 
R" is hydrogen or (CrC4)alkyl; 

R« is (C-Ocydoalkyl. ArMCo-C3)alkylenyl or (C,-Ce)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 
30 (C-CJalkylenylcarbonyl, then R' is not (CrC6)alkyr. 

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatoms sfelected 
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two 
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(used independenu. partially saH-rated, fu»y saU-rated or My unsaU.^,ed Ave- ,c 
seven-™,rt>er.d rtngs. taken independently. op*oa«y having ^ to .our heteroamms 
.eteced independent f^m nitragen, sulfur and oxygen, or a Mcydic nng cons,stn9 
of three (used ^dependently partially saUirated. fully saturated or My unsaturated f« 
,osevenmeml»reditngs.takenindependently.optional^havln8uptofour 

heteroatoms selected independenUy from niuogen. sulfur and o>cygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic hng. blcydic nng or 
tricyclic rtng optionally having one or t«o oxo groups subsUtuled on cart=on or one or 
two 0X0 groups substituted on suKur, 

AT and Ar' are optionally Independently substituted on carbon or nitrogen, on one nng 
if the moiety is monocyclic, on one or both rings if the moiety is bicydic. or on one. two 
or three rings if the moiety is tricydic. with up to a total of four substituents 
independen«yselectedfromR".R«.R"andR-whereinR^ R^R'^andR are 

eadi taken separately and are each independently halo, fomiyl. (C- 
Ce)alkoxycarbonyl. (CrCe)alkylenyloxycarbonyI. (CrC.)alkoxy-(C,-C.)alkyl. 
C(OH)R«R". naphthyl. phenyl, imidazolyl. pyridyl. triazolyl. morpholinyl. (Co- 
Oalkylsulfamoyl. N.(Co.C.)alkylcarbamoyl. N.N.di-(C,-C.)alkylcarbamoyl. N- 
phenylcart^amoyl. N.(C,.C.)alkyl-N-phenylcarbamoyl. N.N-diphenyl carbamoyl. (C,- 
Oalkylcarbonylamido. (C-Ocydoalkylcarbonylamido. phenylcarbonyiam.do. 
piperidlnyl. pyrrolidinyl. piperazinyl. cyano. benzimidazolyl. amino, aniline. pynm.dyl. 
oxazolyl. isoxazolyl. tetrarolyl. thienyl. thiazolyl. benzothiazolyl. pyrrolyi. pyrazolyl. 
tetrahydroquinolyl. tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyndyloxy. 
pyridylsulfanyl. furanyl. 8.(CrC.)alkyl-3.8-diaza[3.2.1lbicydooctyl. 3.5-dioxo-1 .2.4- 
triazinyl. phenoxy. thiophenoxy. (C,-C.)alkylsuifanyl. (C,-C.)aIkylsulfonyi. (C,- 
C,)cydoalkyl. (C,-COalkyl optionally substituted with up to five fluoro or (C,-C.)alkoxy 
optionally substituted with up to five fluoro; said naphthyl. phenyl, pyridyl. p.pend.nyl. 
benzimidazolyl. pyrimldyl. thienyl. benzothiazolyl. pyrrolyi. tetrahydroquinolyl. 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy. pyridylsulfanyl. furanyl. 
thiophenoxy. anilino and phenoxy in the definition of R-. R«. R" and R- are 
30 optionally substituted with up to three substituents independenUy selected from 

hydroxy, halo. hydroxy-(C.C.)alkyl. (C,-C.)aIkoxy-(C,-C.)alk^. (C.C W optionaHy 
substituted with up to five fluoro and(C,-COalkoxy optionally substituted with up to 

fluoro; said imidazolyl. oxazolyl. isoxazolyl. thiazolyl and pyrazolyl in the definition of 
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R« R" and R'^are optionally substituted with up to two substituents 
independently selected from hydroxy, halo. hydroxy-(C,-C.)alkyl. (C,-C.)alkoxy-{C,- 
CJalkyl. (CrC.)alkyl optionally substituted with up to five fluoro and (C,-C4)alko)cy 
optionally substituted with up to five fluoro; said morpholinyl in the definition of R". 
R«. R" and R" Is optionally substituted with up to two substituents independently 
selected from (C,-C.)alkyl; said pyrrdidinyl in the definition of R". R«. R" and R" is 
optionally substituted with up to two substituents independentiy selected from hydroxy. 
hydroxy-(C,-C3)alkyl. (C,-COaIkoxy-(C,-C.)alkyl. (C,-C.)alkyl optionally substituted 
with up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five fluoro: said 
piperazinyl in the definition of R^ R«. R" and R- is optionally substituted with up to 
three substituents independentiy selected from (C,-C.)alkoxy-(C,-C.)alkyl. hydroxy- 
(C,-C3)alkyl. phenyl, pyridyl. (Co-C.)alkylsulfamoyl. (CrC.)alkyl optionally substituted 
with up to five fluoro and (C,.C.)alkoxy optionally substituted witti up to five fluoro: said 
triazolyl in tiie definition of R". R« R« and R" is optionally substituted with hydroxy. 
15 halo. hydroxy-(C,-C.)alkyl. (C,-C.)alkoxy-(C,-C.)alkyl. (C,-C.)alkyl optionally 

substituted with up to five fluoro and (C-Oalkoxy optionally substituted witti up to five 
fluoro: said tetrazolyl in the definition of R". R«. R" and R'^ is optionally substituted 
with hydroxy-(C-C3)alkyl or (C,-C4)alkyl optionally substituted with up to five fluoro: 
and said phenyl and pyridyl which are optionally substituted on piperazine in the 
20 deflnition of R^'. R". R" and R'* are optionally substituted with.up to three hydroxy, 
halo. hydroxy-(CrC4)alkyl. (C,-C.)alkoxy-(CrC.)alkyl. (C,-C.)alkyl optionally 
substituted witii up to five fluoro and (C,-C,)alkoxy optionally substituted with up to five 
fluoro: or 

R" and R" are taken togetiier on adjacent carbon atoms and are 
-CHpC{CH3)20CHr or .0-(CH,VO-. and R« and R" are taken separately and are 
each independentiy hydrogen or (C,-C4)alkyl: 
pis 1.2 or 3; 

R« and R«» are taken separately and are each independentiy hydrogen. (C,-C4)alkyl 
optionally substituted wiUn up to five fluoro; or R- and R« are taken separately and R« 
30 is hydrogen and R^« is (C3-Ce)cycloalkyl. hydroxy-{C,-C3)alkyl. phenyl, pyridyl. 
pyrimidyl. thienyl. furanyl, thiazolyt. oxazolyl. imidazolyl. benzotiiiazolyl or 
benzoxazdlyl; or R'* and R'« are taken togetiier and are (C3-Ce)alkylene; 



25 



wo 00/59510 



PCT/IBOO/00296 



-303- 



G. G' and G' ar. .aKen separately a^ are each hydrogen; r is 0; R" is hydrogen. 
(ci-Oalkyl. (C,-C,)alKoxycarhony.. (C,^.)a,^-(C,-C.)a.M. hydroxy- C,-C )a,M o, 
'^.^ cpLa,^ independency subs»u»d v*h up .o mree hydroxy. h.o. hydro^- 
cijalkyl. (C..C,»C,^,)a.M. (C-OalM or (C,-C,,alKoxy, where, sard 
5 C,.C,,a»c^ ,n me de«on C R- and sa'. (CCalKoxy In me de«.»n of R are 
op«onallyandindependenllysubsm*dwithuptof,ve(luoro;andR andR are 

each Independently (C,-C,)all<yl:" „ 
G. & and G' are taken separately and are each hydrogen; r is 1 ; R" rs hydrogen, 
(C.-C.)alM. (C,X.)a,koxycarbon^, (C,.C,)alkoxy-(C,-C,)all<y.. hydroxy-(C,-C )a,Kyl or 
,0 phenyl optkmal^ Independendy subsUt^ed wim up to mree hydroxy, halo, hydroxy- 
C,.C.)alky., (C-WalKoxyKC-COalkyl. (C-OaM or (C-Oalkoxy. ,*e,e^ sard 
,C,-C,)alkyl m me definiUon o. R" and said (C,-C,)alkoxy in the definiUon of R are 
optionally and independently substituted wim up to f,ve fluoro; and R» and R are 
each independently hydrogen or (C-Cjalkyl; or p.. p.. R»and 

15 G'andG'arelakentogemerandare(C..C0alkylene;rB0or1.andR ,R ,R 

G» are hydrogen: or . „h p» R» and 

G'andG'aretakenlogemeranda,e(C,-C.)alkylene;r,sOor1;andR ,R .R and 

G' are hydrogen; , 
R" is SO,NR-R«. CONR-R=. (C,-Ce)aikoxycartonyl. (C,-Ce)alkylcarbonyI. Ar^- 
20 carbonyl. (C,-C.)allcylsulfonyl. (C,- Wsulfinyl. Ar^-sulfooyl. A,^-suf.nyl and (C,- 

and R= are taken separately and are each independency selected from hydrogen, 
(C-Cjalkyl. (C.-C)q«loalkyl and A,'-(C-C.)alkylenyl; or 
R» and R= are taken togemer wim me nlKogen atom to which mey are attached to 
25 font, azeUdlnyl, pyrrolldinyl, piperidinyl. piperazinyl, morpholinyl. arepinyl, 
azablcyclol3.2.21nonanyl, a2abicyclo[2.2.1lheptyl. 6.7^1hydro-5H- 
d«»nzole.elazepinyl, 1 ,2.3,4-.etmhydr=>iso,uinolyl or 5,6,7.8.tetrahyd.opyndoI4 3- 
.gp^idyl; said azeUdiny. in me defniton of R" and R= is opUonally subsCMed 
independently wim one subsdtuent selected from hydroxy, amino. hydroxy^C- 
30 Cja*yl. (C,-C.,alkoxy.(C,-C,)alkyl. (C,-C,)ancyl opConally substituted w«h up toflve 
nuco and (C,-C.)alkoxy optionally subsUluted wim up to live fluoro; sa,d pynoMiny., 
p^widltvl-azeplnyl m me de«.k>n of R" and R= are optionally substtoled 
i™iependen«y with up to two substiluents independently selected from hydroxy, 
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amino. hydroxy-(C,-C,)all<yl. (C,-C.)alkoxy-(C,-C.)alkyl. (C,-C.)alkyl optionally 
substituted with up to five fluoro and (C,-C.)alkoxy optionally substituted with up to five 
fluoro; said morpholinyl in the definition of R'' and is optionally substituted with up 
to two substituents independently selected from hydroxy-(CrC4)alkyl. (C,-C.)alkoxy- 
5 (CrC4)alky!. (CrC4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted writh up to five fluoro; said piperazinyl in the definition of R^' and 
is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl, pyrimidyl. {CrC4)alkoxycarbonyl and (C,-C4)aikyl 
optionally substituted with up to five fluoro; said 1.2.3.4-tetrahydro-isoquinolyl and said 
1 0 5.6.7.8-tetrahydropyrido[4,3-d]pyrimidyl in the definition of R^' and R^ are optionally 
substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(CrC4)alkyl. (CrC4)aikoxy-(CrC4)alkyl. (C,-C4)alkyl 
optionally substituted with up to five fluoro and (CrC4)alkoxy optionally substituted 
with up to five fluoro; and said 6.7-<lihydro-5H-dibenzolc.e]azepinyl in the definition of 
1 5 and R^ is optionally substituted with up to four substituents independently 

selected from hydroxy, amino, halo. hydroxy-{C,-C4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. 
(C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)aIkoxy optionally 
substituted with up to five fluoro; said pyrimidyl. pyridyl and phenyl which are 

optionally substituted on said piperazine in the definition of R^' and R^ is optionally 
20 substituted with up to three substituents selected from hydroxy, amino. hydroxy-(Cr 

C4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. (CrC4)alkyl optionally substituted with up to five 

fluoro and (C,-C4)alkoxy optionally substituted witii up to five fluoro; 

Ar^ is independenUy defined as set forth for Ar and Ar' above; 

said Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; 
25 R° is CONR^R* or SOjR^R*. wherein R^ is hydrogen (CrC4)alkyl or Ar*-(<:^- 

C4)alkylenyl and R* is Ar^-(Co-C4)alkylenyl; provided that when Ar^ is phenyl, naphthyl 

or biphenyl. then R" cannot be CONR^R" where R» is hydrogen or Ar^ and R» Is 

Ar»; 

R" is hydrogen. {C,-C4)alkyl. (C,-C4)alkoxycarbonyl. (CrC4)alkoxy-(CrC4)alkyl. 
30 hydroxy-(CrC4)alkyl or phenyl optionally independently substituted with up to three 
hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{C,.C4)alkyl. (CrC4)alkyl or (C,- 
C4)alkoxy.V/herein said (C,-C4)alkyl in the definition of R» and said (C,-C4)alkoxy In 
the definition of R'are optionally and independentiy substituted with up to five fluoro; 
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A,^ is independently defined as set forth for Ar and Ar' above; 
^rAr^isoptionanyindependentlysubsmut^^ 

is hydrogen or {C,-C4)alkyl: ,n r \^\\^ 

R» and R» are each mdependently hyd«.gen. hydroxy, halo. hydr=xy.(C,.C.)alKyl. 
B ,c C lalkoxy-(C,^,)alM. (C,-C<W op«ona«y substituted with up to (ive «uom (C- 

(urahyl. thlazolyl, oxazolyl. phenoxy. th,ophenoxy. SO.NR R . CONR R 

S3« Lnyt, pyhh*.^. n-yt. .h^*l end oxazoM m the d*, o„ , R an^^R a. 

opUonal,ysubst»u.edhyup.o.«ohydro.y,ha^.hydro.y.(C,-COalKy (C,.C.^^^^ 

,0 (C,-C.)a«<yt. (C-COelky. op«ona,ly eubsUtuted w* up to five fluoro or ,C,.C,)a,Koxy 
opuonally substlu^ed «i.h up to five fluoro; said phenyl, pyndyl. phenoxy and 
m ophenoxy the deMto of R» end R» are op«onally subs«tuted by up to three 
rZxy. ^1°. MroxyKC-Catt^yl. ,C,-C.,alKoxy.C,.C.W. (C-WalM op onally 
v«h up to .^e «u«o or <C,.C,,^Koxy opuonally subs«tuted w«h up to «-e 

R^«l R" are each independently hydrogen. (C.-Oalkyl. (C-C,)cycloalkyl or 
phenyl, said phenyl is opttonally substituted wi«. up to three hydroxy, halo, hydroxy- 
C,i.)aM. (C,<:.)all<oxyKC,-C>W, (CcWalkyl op«ona,ly substm^ 

five liuoro or (C,.C,)alkoxy op«ona% substituted with up to five lluoro; or 
R» and R" are taken together with the nitrogen to which they are attached to torn. 
i„do«ny., pyrroMlnyt. pipendlnyt. plperazinyi or mon=holinyl: said pyrroWns. and 
plpendiny. in the definition of R» and R" are optionally substituted wth up to two 
hW^xy, amino, hydroxy.(C.-C,)aikyl. (C-COalkoxy-tC-Oalkyi. (C-CW 
optJly subs^tuted v.th up to «ve fiuoro or ,C,-C,)alkoxy op«ona«y subs«uted 
uptof^elluoro^saidindolinyiandplperazinyilnthedeWttonofR andR are 
opBonaUy substituted with up to three hydroxy, amno. hyd,oxy.(C,-C.)a*yl (C. 

c%ko^-(C,.C,,alM, (C-OalKoxycarbonyl, (CCalM opConalV 
up to five lluoro or(C,.C,)alkoxyop«onallysubs«tu.ed With up to «ve lluoro sa,. 

n^pholinyl m me definlbon of R» and R" is optionally substituted "P 
subsBtuents ^dependentty selected .on, hydroxy.(C,-a)alkyl. i^'^'^ 
C.)alkyt. (C,-C,)elkyl optionally substituted with up to live lluoro and (C.-C,)alkoxy 
optionally substituted With up to live lluoro; 

A is N optionally substituted with hydrogen or (C-CJalkyI and B is carbonyk or 



15 fluoro; 
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-C4)alkyl; 
R« is hydrogen or (CrC4)alkyl; 

R» is phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 
phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 

phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl and benzothienyl 
in the definition of are optionally substituted with up to three phenyl, phenoxy. 
NR»*R«. halo, hydroxy. hydroxy-(CrC«)allcyl. (C,-C.)alkoxy-(C,-C,)alkyi. (C,-C,)alkyl 
optionally substituted with up to five fluoro or (CrC.)alkoxy optionally substituted with 

10 up to five fluoro; 

R« and R^ are each independently hydrogen. (C,-C, alkyi). phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R'* and R^ are optionally 
substituted with up to three halo, hydroxy. (C,-C.)alkyl optionally substituted with up to 
five fluoro or (C,-C,)alkoxy optionally substituted with up to five fluoro: 

15 D is CO. CHOH or CHj; 
EisO.NHorS; 

and R" are taken separately and are each independently hydrogen, halo, cyano. 
hydroxy, amino. (C,-C,)alkylamino. di-(CrC6)alkylamino. pyrfolidino. piperidino. 
morpholino. (C,-C.)alkoxy-(CrC,)alkyl. hydroxy-(CrC4)alkyl. Ar^. (C,-C,)alkyl 
20 optionally substituted with up to five fluoro or (CrC.)alkoxy optionally substituted with 
up to five fluoro; 

R*. R^* and R*" are each independently hydrogen or {C,-C4)-alkyl; 

Ar-'is phenyl, furanyl. thienyl, pyridyl. pyrimidyl. pyrazinyl or pyridazinyl; said Ar- being 

optionally substituted with up to three hydroxy. (C,-CJalkoxy.(C,-C4)alkyl. halo. 
25 hydroxy-(C,-C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (C,- 

C4)alkoxy optionally substituted with up to five fluoro; or 

R» and R" are taken together on adjacent carbon atoms and are -O-CCHjX-O-; 

t is 1,2 or 3; 

Y is (C2-C6)alkylene; 
30 R**. R** and R*^ are each independently hydrogen or (Ci-C4)alkyl; 

m and n are each independently 1 . 2 or 3. provided that the sum of m and n Is 2. 3 or 

4; 

kis 0.1. 2. 3 or 4; 
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Y'isacovalentbond.carbonyl.sulfonyloroxycarbonyl; 

1 Jsled With one to f.ve flucro; provided that when ^ . a cova.er,t t,or,d or 

xra;:::!^^^^^^^ 

Ai» (C,-C,)a»<ylandAi»-(C.-C,)an<ylenyl;or 

R" are taken .ogemer w* the nWogen atom to which they a« attached to 
,on,,azetidinyl.pyrmUdlny,.pipertdinyl,P*erazlnyl,mon.hollnyl,^ep»n^ 
rbicydoP 2.2,nonany,, azablcydcRJ.lJ^pty.. ,Z3,4-,e.,ahydro«o,u,noM. 6,7- 

5hLLic elazepiny. or 5.6.7.a-.etrahydropyndol4.3^pynn«Jyl; sa.d 

' ::::;,„t::nio,;"3ndR-a.op,^^ 

!;rrdR''i.op,ona.tysubstlt^v*upto.«os^s«tuen.s,ndependeny 

eL^ 1 hydLy.,C,-C,,a.<yt, ,c,^,«C,.C.,a.<y., <C.-C.)3'M;P»-'^ 
,0 ruS^edvvimup«.«vanuomand(C.-C,,alk<«yop*^lysubs«.u.edw,.hup.^ 

dipynmidy, ,n the de«n«cn ^ R" and R- ace opt^atty ^'^^^^ 
.t..an.™>.hato.hyd™..C,.<..^.<^^^^^ 
optionally substituted with up to five fluoro or (C,-C.)alkoxy opu y 
,5 to J nuoro; ar,d said 6..dihydro-5H^-.ber.oM^^^^^^^ In ^^^^^^^^^^ 
andR«areoptionallysubsUtutedwithuptofourhydroxy.ammhalo.hydrox^(C^^ 

c")a.M. iO^-ly^^^o^-iOrO.^^^. (C-OalKyI op«onal.y subs«tuted >.th up to five 
fluoro or (C,-C.)alkoxy optior^ally substituted with up to five fluoro; 
Ar^lsindependentlydefinedassetforthforArandAr^above: 
30 A^isopfior^ailyindependenUysubsfitutedassetforthforAra^^^^^ above; 

R« and R- are independently hydrogen. (C,-C.)cycloaIkyl. Ar*.(Co-C3)alkylenyl AT 

^ \^ ,„r^r ctelkvloDtionally substituted with up to five fluoro; 
(C2-C4)alkfenyl. Ar'-carbonyl or (CrC6)alKyi opuonany =. 
A.* is independently defined as set forth for Ar and Ar^ above; 
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Ar* is optionally independently substituted as set forth for Ar and Ar' above; and 
R*' and R*^' are each independently hydrogen or (Ci-C4)alkyl. 

63. A compound of claim 62 selected from 1 R-(4-{4-[2-{1 R-butyryloxy- 
ethyl)-pyrimidin-4-yl]-2R.6S-dimethyl-pipei3zin-1-yl}-pyrimidin-2-yl)-ethyl butyrate; 1 R- 
(4-{4-[2-(1S-butyryloxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-piperazin-1-yl}-pyrimidin- 
2-yl)-ethyl butyrate; 1S-(4-{4.[2-(1 R-butyryloxy-ethyl)-pyrimidin-4.yl]-2R,6S-dimethyl- 
piperazin-1-ylhpyrimidin-2-yl)-ethyl butyrate; (E)-1R-{4-[4-(2-methyl-32-phenyl- 
acryloyl)-piperazin-1 -yl]-pyrimidin-2-yl}-€thyl acetate; (R)-1 -[4-(4-quinoxalin-2-yl- 
piperazin-1 -yl)-pyrimidin-2-yl]-€thyl acetate; 1 R-(4-{4-[2-(1 RS-hydroxy-ethyl)- 
pyrimidin-4-yl]-2R.6S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-ethyl butyrate; 1 RS-{4- 
{4-[2-( 1 R-hydroxy-ethyl)-pyrimidin-4-yl)-3R,5S-dimethyl-piperazin-1 -yl}-pyrim!din-2-yl)- 
ethyl butyrate: 1 R.[4-(3S-methyM-oxazoio[5.4-b]pyridin-2-yl-piperazin-1-yl)-pyrimidin- 
2-yl]-ethyl butyrate; lR-{4-l3R.5S-dimethyl-4-(4.methyl-6-phenyl-[1 ,3.5]triazin-2-yl)- 
piperazin-1 .yl]-pyrimidin-2-yl}-ethyl butyrate; 1 R-{4-t4-(4-cydopropyl-[1 .3.5]tria2in-2- 
yI)-3R,5S-dimethyl-piperazin-1 -yl]-pyrimidin-2-yl}-ethyl butyrate; 1 R-{4-[4-(4- 
cyclopropyl-I1,3.5]triazin-2-yl}-2R,6S-dimethyI-piperazln-1-yI]-pyrimidin-2-yl}-ethyl 
butyrate; 1 R-{4-[4-(4.6-dimethyl-[1 ,3,5]tria2in-2-yl)-2R,6S-dimethyl-pipera2in-1 -yl]- 
pyrimidin-2-yl}-€thyl butyrate; 1 R-{4-I4-(4-hydroxymethyl-6-phenyl-[1 ,3.5]tria2in-2-yl)- 
2R.6S-dimethyl-piperazin-1-yl]-pyrimidin-2-y!}-ethyl butyrate; 1 R-{4-I4-(4-methoxy-6- 
methoxymethyl-[1,3.5]triazin-2-yl)-R.6S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethyl 
butyrate; and 1 R-{4-(2R,6S-<limethy!-4-{4-methyK1 ,3,5]triazln-2-y!)-piperazin-1-yO- 
pyrimidin-2-yi}-ethyl butyrate. 

64. A compound of the formula P. 



wherein: 

R' is C-(OR'")R''R^ where R*^ is an acyl radical of a carboxylic acid aldose reductase 
inhibitor; 

R* and R* are each independently hydrogen, methyl, ethyl or hydroxy-(C,-C3)alkyl; 
R2 is hydrogen. (CrC4)aIkyl or (CrC4)alkoxy; 
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wherein said radical of formula is substituted by R\ and R^; 
said radical of formula R^' is substituted by R'^ R'^ and R^: 
G, and G^ are taken separately and are each hydrogen and R^ is hydrogen, (C,- 
5 C4)alkyL (CrC4)aIkoxycarbonyl, (CrC4)alkoxy-(CrC4)alkyl, hydroxy-(CrC4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)aIkyl or (CrC4)alkoxy, wherein said 
(CrC4)alkyl in the definition of R^ and said (CrC4)alkoxy in the definition of R^are 
optionally and independently substituted with up to five fluoro; R' and R* are each 
1 0 independently hydrogen or (Ci-C4)alkyl; or 

G and G^ are taken together and are (CrC3)alkylene and R\ R^ R^ and are 
hydrogen; or 

G' and G^ are taken together and are (CrC3)alkylene and R^ R\ R* and G are 
hydrogen; 
15 qisOorl; 

X Is a covalent bond. •(C=NR^°)-. oxycarbonyl, vinylenylcarbonyl, oxy(Ci- 
C4)alkylenylcarbonyl. (CrC4)alkylenylcarbonyl. (C3-C4)a!kenylcarbonyl, thio(Ci- 
C4)alkylenylcarbonyl, vinylenyisulfonyl, sulfinyl-(C,-C4)alkylenylcarbonyl, sulfonyKC,- 
C4)alkyienylcarbonyl or carbonyl(Co-C4)alkylenylcarbonyl; wherein said oxy(Cr 

20 C4)alkylenylcarbonyl, (Ci-C4)alkylenylcarbonyl, (C3-C4)alkenylcarbonyl and thio(Cr 
C4)alkylenyicarbonyl in the definition of X are each optionally and independently 
substituted with up to two (CrC4)alkyl. benzyl or Ar; said vinylenyisulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 
or two vinylenyl carbons with (CrC4)alkyl. benzyl or An and said carbonyl(Co- 

25 C4)aIkylenylcarbonyl in the definition of X is optionally substituted indepedently with up 
to three (C,-C4)alkyl, benzyl or Ar, 

Is hydrogen or (CrC4)alkyl; 
R® is (Cj-CrjcycloalkyI, Ar^-(Co-C3)alkylenyl or (CrC6)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 

30 (Ci-C4)aIkylenylcarbonyI. then R® is not (C,-Ce)alkyl; 

Ar and Ar^ are independently a fully saturated, partially saturated or fully unsaturated 
five- to ei^t-membered ring optionally having up to four heteroatoms selected 
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two 
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fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
5 to seven membered rings, taken independently, optionally having up to four 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or 
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or 
two 0X0 groups substituted on sulfur; 

10 Ar and Ar^ are optionally independently substituted on carbon or nitrogen, on one ring 
if the moiety is monocyclic, on one or both rings if the moiety is bicyclic, or on one, two 
or three rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R'\ R^^ R^^ and R^*; wherein R^^ R^^ and R^^ are 
each taken separately and are each independently halo, fomiyl. (C,- 

1 5 C6)alkoxycarbonyl. (Ci-C6)a!kylenyloxycarbonyl. (Ci-C4)alkoxy-(Ci-C4)alkyl, 
C(OH)R'^R^^. naphthyl. phenyl, imidazolyl, pyridyl, triazolyl. morpholinyl, (Co- 
C4)alkylsulfamoyl. N-{Co-C4)alkylcarbamoyl. N.N-di-{CrC4)alkylcarbamoyl, N- 
phenylcarbamoyl, N-(CrC4)alkyl-N-phenylcarbamoyl, N.N-diphenyl carbamoyl, (C,- 
C4)alkylcarbonylamido; (C3-C7)cycloalkylcarbonylamtdo, phenylcariDonylamido, 

20 piperidinyl, pyrrolidinyl, piperazinyl, cyano, benzimidazolyl. amino, anilino, pyrimidyl. 
oxazolyl. isoxazolyl. tetrazolyl. thienyl, thiazolyl. benzottiiazolyl, pyn-olyl, pyrazolyl. 
tetrahydroquinolyl. tetrahydroisoquinolyl. benzoxazolyl, pyridazinyl, pyridyloxy, 
pyridylsulfanyl, furanyl, 8-(CrC4)aIkyl-3.8-diazat3.2.1]bicyclooctyl, 3,5-dloxo-1 ,2.4- 
triazinyl. phenoxy. thiophenoxy, (CrC4)alkylsulfanyl, (CrC4)alkylsulfonyl, (Cj- 

25 C7)cycloalkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (CrC4)alkoxy 
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl, piperidinyl, 
benzimidazolyl, pyrimidyl, thienyl. benzothiazoiyi, pyrrolyt, tetrahydroquinolyl, 
tetrahydroisoquinolyl, benzoxazolyl, pyridazinyl, pyridyloxy, pyridylsulfanyl. furanyl, 
thiophenoxy, anilino and phenoxy in the definition of R". R" and R^^ are 

30 optionally substituted with up to three substituents independently selected firom 

hydroxy, halo, hydroxy.(CrC4)alkyl. (CrC4)alkoxy-(Ci-C4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro and (Ct-C4)alkoxy optionally substituted with up to five 
fluoro; said imidazolyl, oxazolyl, isoxazolyl, thiazolyl and pyrazolyl in the definition of 
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R^^ and R^^are optionally substituted with up to two substituents 
independently selected from hydroxy, halo, hydroxy-(CrC4)alkyl, (CrC4)alkoxy-{Cr 
C4)alkyl. (CrC4)alkyl optionally substituted with up to five fiuoro and (Ci-C4)alkoxy 
optionally substituted with up to five fiuoro; said morpholinyl in the definition of 
5 R^^ and R^* is optionally substituted with up to two substituents independently 

selected from {CrC4)alkyl; said pyn-olidinyl in the definition of R", R'^ R'^ and R^'is 
optionally substituted with up to two substituents independently selected from hydroxy, 
hydroxy-(CrC3)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl opfionally substituted 
with up to five fiuoro and (CrC4)alkoxy opfionally substituted with up to five fiuoro; said 

10 piperazinyl in the definition of R'\ R'' and R^' is optionally substituted with up to 
three substituents independently selected from (Ci-C4)alkoxy-(Ci-C4)alkyl, hydroxy- 
(CrC3)alkyl, phenyl, pyridyl. (Co-C4)alkylsulfamoyl, (CrC4)aIkyl optionally substituted 
with up to five fiuoro and (Ci-C4)alkoxy opfionally substituted with up to five fiuoro; said 
triazolyl in the definition of R^^ R'^ and R^' is optionally substituted with hydroxy. 

1 5 halo, hydroxy-(CrC4)alkyl, (CrC4)aIkoxy-(CrC4)alkyl, (CrC4)alkyl optionally 

substituted with up to five fiuoro and (CrC4)alkoxy optionally substituted with up to five 
fiuoro; said tetrazolyl in the definition of R^\ R^^ R^^ and R^^ is optionally substituted 
with hydroxy-(C2-C3)alkyl or (CrC4)aIkyl optionally substituted with up to five fiuoro; 
and said phenyl and pyridyl which are optionally substituted on piperazine in the 

20 definition of R'\ R'\ R'^ and R^^ are optionally substituted with up to three hydroxy, 
halo, hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(Ci-C4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fiuoro and (CrC4)alkoxy optionally substituted with up to five 
fiuoro; or 

R" and R^^ are taken together on adjacent carbon atoms and are 
25 -CH20C(CH3)20CH2- or -0-(CH2)p-0-, and R'^ and R^* are taken separately and are 
each independently hydrogen or (C,-C4)alkyl; 
p is 1 . 2 or 3; 

R^® and R^^ are taken separately and are each independentiy hydrogen, (CrC4)alkyl 
optionally substituted with up to five fiuoro; or R^* and R^® are taken separately and R^® 
30 is hydrogen and R'^ is (C3-C6)cycloalkyl, hydroxy-(CrC3)aIkyl, phenyl, pyridyl, 
pyrimidyl, thienyl, furanyl. thiazolyl, oxazolyl, imidazolyl. benzothiazolyl or 
benzoxazblyl; or R" and R^® are taken together and are (C3-C6)alkylene; 
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G'. and G' are taken separately and are each hydrogen; r is 0; R" is hydrogen. 
(C-CJalkyl. (C,-C4)alkoxycarbonyl. (C,-C4)aikoxy-(C,-C4)alkyl, hydroxy-(C,-C4)a!kyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl or (CrC4)alkoxy. wherein said 
5 (C,-C4)alkyl in the definition of R* and said (CrC4)alkoxy in the definition of R* are 
optionally and Independently substituted with up to five fluoro; and R^' and R" are 
each Independently (Ci-C4)alkyl; or 

G*. G* and G' are taken separately and are each hydrogen; r is 1; R" is hydrogen, 
(C,-C4)alkyl. (CrC4)alkoxycarbonyl, (CrC4)alkoxy-(CrC4)alkyl. hydro)(y-(CrC4)alkyl or 

1 0 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (CrC4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl or (CrC4)alkoxy, wherein said 
(Ci-C4)alkyl in the definition of R* and said (CrC4)alkoxy in the definition of R'are 
optionally and independently substituted with up to five fluoro; and R^' and R" are 
each independently hydrogen or (C,-C4)alkyl; or 

1 5 G' and G* are taken together and are (Ci-C3)alkylene; r is 0 or 1 ; and R", R", R* and 
G' are hydrogen; or 

G^ and G= are taken together and are (Ci-C3)alkylene; r is 0 or 1; and R", R", R" and 
G* are hydrogen: 

R" is SOjNR^R^. CONR^'R^, (CrCejalkoxycarbonyl, (CrC6)alkylcarbonyl. Ar*- 
20 carbonyl, (C,-C6)aIkylsulfonyl, (C,-C6)alkylsulfinyl, Ar^-suffonyl, Ar^-sufinyl and (C,- 
C6)alkyl; 

R^' and R^ are taken separately and are each Independently selected from hydrogen, 

(Ci-C6)alkyl, (C3-C7)cycloalkyl and Ar2-(Co-C4)alkylenyl; or 

R^' and R^ are taken together with the nitrogen atom to which they are attached to 

25 form azetidlnyl, pyrrolidinyl, piperidinyl, piperazlnyl, morphollnyl. azepinyl, 
azabicycloI3.2.2]nonanyl, a2abicyclo[2^.11heptyl, 6,7-dihydro-5H- 
dibenzolcejazepinyl, 1,2,3,4-tetrahydro-isoquinolyl or 5,6,7,8-tetrahydropyrido[4.3- 
dlpyrimidyl; said azetidlnyl in the definition of R'^ and R*^ is optionally substituted 
Independently with one substituent selected from hydroxy, amino, hydroxy-(Ci- 

30 C4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro: said pynulidinyl, 
piperidinyl azepinyl in the definition of R" and R* are optionally substituted 
independently with up to two substituents Independently selected fl-om hydroxy. 
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amino. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{CrC4)alkyl. {C,-C4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said morpholinyl in the definition of R^^ and is optionally substituted with up 
to two substituents independently selected from hydroxy-(CrC4)alkyl. (CrC4)alkoxy- 
5 (C,-C4)alkyl. (CrC4)alky! optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R^^ and 
R^ is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl, pyrimidyl, (CrC4)alkoxycarbonyl and (CrC4)alkyl 
optionally substituted with up to five fluoro; said 1 .2.3,4-tetrahydroHSoquinolyl and said 

10 5,6J,8-tetrahydropyrido[4.3-d]pyrimidyl in the definition of R^^ and R^ are optionally 
substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(CrC4)aIkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl 
optionally substituted with up to five fluoro and (Ci-C4)alkoxy optionally substituted 
with up to five fluoro; and said 6,7-dihydro-5H-diben2o[c.e]a2epinyl in the definition of 

15 R^^ and R^ is optionally substituted with up to four substituents independently 

selected from hydroxy, amino, halo, hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, 
(CrC4)aIkyl optionally substituted with up to five fluoro and (CrC4)alkoxy optionally 
substituted with up to five fluoro; said pyrimidyl, pyridyl and phenyl which are 
optionally substituted on said piperazine in the definition of R^^ and is optionally 

20 substituted with up to three substituents selected from hydroxy, amino. hydroxy-(Cr 
C4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; 

is independently defined as set forth for Ar and Ar^ above; 
said Ar^ is optionally independently substituted as set forth for Ar and Ar^ above; 

25 R^ is CONR^R^ or SOjR^R^. wherein R^ is hydrogen (CrC4)alkyl or Ar^-(Co- 

C4)alkylenyl and R^ is Ar^-(Co-C4)alkylenyl; provided that when Ar^ is phenyl, naphthyl 
or biphenyl. then R^ cannot be CONR^R^ where R^ is hydrogen or Ar^ and R* is 

R^^ is hydrogen. (CrC4)alkyl, (CrC4)alkoxycarbonyl. (CrC4)alkoxy-(CrC4)alkyl. 
30 hydroxy-(CrC4)alkyl or phenyl optionally independently substituted with up to three 
hydroxy, halo, hydroxy-(CrC4)alkyl, (CrC4)alkoxy.(CrC4)allcyl, (CrC4)alkyl or (C,- 
C4)alkoxy.*wherein said (CrC4)alkyl in the definition of R® and said (CrC4)alkoxy In 
the definition of R*^are optionally and independently substituted with up to five fluoro; 



wo 00/59510 



PCT/IBOO/00296 



-316- 

Ar* is independently defined as set forth for Ar and Ar' above; 
said Ar^ is optionally independently substituted as set forth for Ar and Ar' above; 
is hydrogen or (C,-C4)alkyl; 

and are each independently hydrogen, hydroxy, halo, hydroxy-(C,-C4)alkyl, 
5 (CrC4)alkoxy-(C,-C«)alkyl. (CrC4)alkyl optionally substituted vAVn up to five fluoro, (d- 
C4)all<oxy optionally substituted with up to five fluoro, phenyl, pyridyl, pyrimidyl. thienyl. 
furanyl. thiazolyl, oxazolyl, phenoxy. thiophenoxy, SO^NR^R''. CONR»R« or NR*R"; 
said thienyl, pyrinfiidyl, furanyl, thiazolyl and oxazolyl in the definition of R** and R* are 
optionally substituted by up to two hydroxy, halo. hydroxy-(C,-C4)aIlcy!, (Ci-C4)all<oxy- 
1 0 (CrC4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro or (CrC4)alkoxy 
optionally substituted with up to five fluoro: said phenyl, pyridyl. phenoxy and 
thiophenoxy in the definition of R" and R" are optionally substituted by up to three 
hydroxy, halo. hydroxy-(CrC4)alkyl, (C,-C4)alkoxy-(CrC4)alkyl, (C,-C4)alkyl optionally 
substituted v^nth up to five fluoro or (Ci-C4)alkoxy optionally substituted with up to five 
15 fluoro; 

R* and R" are each independently hydrogen, (CrC4)alkyl. (C3-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted with up to tiiree hydroxy, halo, hydroxy- 
(C,-C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (C,-C4)alkyl optionally substituted with up to 
five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; or 

20 and R^' are taken together with the nitrogen to whicS tiiey are attached to form 
indolinyl. pyrrolidinyl. piperidinyl, piperazinyl or morphoiinyl; said pyrolidinyl and 
piperidinyl in Uie definition of R" and R" are optionally substituted vwth up to two 
hydroxy, amino. hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (Ci-C4)alkoxy optionally substituted with 

25 up to five fluoro; said indolinyl and piperazinyl in ttie definition of R* and R" are 
optionally substituted witti up to ttiree hydroxy, amino, hydroxy-(C,-C4)alkyl. (C,- 
C4)alkoxy-{Ci-C4)alkyl. (C,-C4)alkoxycarbonyl. (C,-C4)alkyl optionally substituted with 
up to five fluoro or (CrC4)alkoxy optionally substituted wittn up to five fiuoro; said 
morphoiinyl in the definition of R** and R'' is optionally substituted witii up to two 

30 substituents independenUy selected from hydroxy-{C,-C4)alkyl. (Ci-C4)alkoxy-(Ci- 
C4)alkyl, (CrC4)alkyl optionally substituted witti up to five fluoro and (CrC4)alkoxy 
optionally substituted wiUi up to five fluoro; 

A is N optionally substituted vwth hydrogen or (C,-C4)alkyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (CrCJalkyI; 
R^^ is hydrogen or (CrC4)alkyl; 

is phenyl, pyridyl, pyrimidyL thiazolyl, oxazoiyl. benzyl, quinolyi. isoquinolyl. 
phthalizinyl, quinoxanlyl. benzothiazoyi, benzoxazolyl. benzofuranyi or benzothienyl; 
5 said phenyl, pyridyl, pyrinnidyl. thiazolyl, oxazoiyl, benzyl, quinolyi, isoquinolyl, 

phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl, benzofuranyi and benzothienyl 
in the definition of R" are optionally substituted with up to three phenyl, phenoxy, 
NR^R^. halo, hydroxy. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-{CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 

10 up to five fluoro; 

R^ and R^ are each independently hydrogen. {CrC^ alkyi). phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of and R^ are optionally 
substituted with up to three halo, hydroxy. {CrC4)alkyl optionally substituted with up to 
five fluoro or (Ci-C4)alkoxy optionally substituted with up to five fluoro; 

15 DisCO.CHOHorCHj; 
Eis O, NH orS; 

R^ and R^^ are taken separately and are each independently hydrogen, halo, cyano, 
hydroxy, amino, (CrC6)alkylamino, di-(Ci-C6)alkylamino, pyrrolidino, piperidino, 
morpholino, (CrC4)alkoxy-(C,-C4)aIkyI, hydroxy-(CrC4)alkyl. Ar^. (CrC4)alkyl 
20 optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; 

R^, R^ and R*° are each independently hydrogen or {CrC4)-alkyl; 

Ar^ is phenyl, furanyl, thienyl, pyridyl. pyrimidyl, pyrazinyl or pyridazinyl; said Ar^ being 

optionally substituted with up to three hydroxy. (CrC4)alkoxy-(CrC4)alkyl, halo, 
25 hydroxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro or (Cr 

C4)alkoxy optionally substituted with up to five fluoro; or 

R* and R^^ are taken together on adjacent carbon atoms and are -O-CCHjX-O-; 

tis1,2or 3; 

Y is (C2-C6)alkylene; 
30 R*", R^^ and R^ are each independently hydrogen or (CrC4)alkyl; 

m and n are each independently 1 . 2 or 3, provided that the sum of m and n is 2, 3 or 

4; 

kis 0,1. 2. 3 or 4; 
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Y' Is a covalent bond, carbonyl. sulfonyl or oxycarbonyl; 
R« is (C3-C.)cycloalkyI. Ar^-(Co-C.)alkyienyl. NR-R^ or (C,-Ce)alkyl optionally 
substituted with one to five fluoro: provided that when Y is a covalent bond or 
oxycarbonyl, then R*^ is not NR^^R**; 

R- and R- are taken separately and are each Independently selected from hydrogen. 
Ai^ (C,-C6)alkyl and Ar'-(Co-C4)alkylenyl; or 

R- and R« are taken together with the nitrogen atom to which they are attached to. 
fomi azetidinyl. pyrrolidinyl. piperidinyl. piperazlnyl. morpholinyl. azeplnyl. 
azabicyclo[3.2.2]nonanyl. azabicycIol2.2.1lheptyl. l.2.3.4-tetrahydroisoquinolyl. 6.7- 
dihydro-SH-dibenzolcelazepinyl or 5.6.7.8-tetrahydropyrido[4.3-dlpyrimidyl: said 
azetidinyl in the definition of R*^ and R« are optionally substituted with one hydroxy, 
amino. hydroxy-(C,-C.)alkyl. (C,-C.)aIkoxy.(C,.C.)alkyl. (C-Oalkyl optionally 
substituted with up to f^^e fluoro or (C,-C.)alkoxy optionally substituted with up to five 
fluoro: said pyrrolidinyl. piperidinyl and azeplnyl In the definition of R« and R« are 
optionally substituted with up to two hydroxy, amino, hydroxy-(CrC4)alkyl. (Cr 
C.)alkoxy-(C,-C.)alkyl. (C,-C,)alkyl optionally substituted witii up to five fluoro or (C,- 
Oalkoxy optionally substituted with up to five fluoro; said morpholinyl In the defimtion 
of R*^ and R* is optionally substituted with up to two substituents independentiy 
selected from hydroxy.(C,-C.)alkyl. (C,-C.)alkoxy.(C,-C.)alkyl. (C,-C.)alkyl optionally 
substituted with up to five fluoro and (CrC.)alkoxy optionalfy substituted with up to five 
fluoro: said piperazlnyl. 1 .2.3.4-tetrahydroisoquinolyl and 5.6.7.8-tetrahydrol4.3- 
dlpyrimidyl In the definition of R- and R- are optionally substituted with up to three 
hydroxy, amino, halo. hydroxy-(C,.C.)alkyl. (C,-C.)alkoxy-{C,-C.)alkyl. (C,-C.)alkyl 
optionally substituted with up to five fluoro or (CrC.)alkoxy optionally substituted w.th 
up to five fluoro; and said 6.7-dlhydro-5H-dibenzolc,e]azepinyl in the definition of R- 
and R« are optionally substituted with up to four hydroxy, amino, halo. hydroxy-{Cr 
Oalkyl. (CrC.)alkoxy-(C,-C.)alkyl. (CrC.)alkyl optionally substituted with up to five 
fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro: 
Ar= is Independentiy defined as set forth for Ar and Ar' above; 
30 Ar» is optionally Independentiy substituted as set forth for Ar and Ar^ above; 

R« and R^^ are independentiy hydrogen. (C3-C,)cycloalkyl. AH'-(Co-C3)alkylenyl. Ar«- 
(C^C.)aIk6nyl. A.*-carbonyl or (CrCs)alkyl optionally substituted with up to flve fluoro; 
At* is independentiy defined as set fortin for Ar and Ar^ above; 



25 
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Ar* is optionally independently substituted as set forth for Ar and Ar' above; and 
R*' and R^'" are each independently hydrogen or (C,-C4)alkyl. 
65. A compound of the formula Z 

OH 




N 

Me 

Z 

66. A compound of the formula ZZ, 




OCOR'"'' 
Me 

ff 

ZZ 

wherein is (CrCe)alkyl. benzyl or phenyl wherein said benzyl and phenyl are 
1 0 optionally substituted with up to three halo or {CrC4)alkyl. 
67. A compound of the fomnula III, 




N 



Me 



III 

wherein: 

15 R^^ Is (CrCa)alkyl, benzyl or phenyl wherein said benzyl and phenyl are optionally 
substituted with up to three halo or (CrC4)alkyl; and 
R^°^ is hydrogen or a suitable amine protecting group. 



5 
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68. A compound of claim 67 wherein R- is (C,-C,)alkyl and R- is benzyl 

ortert-butyloxycarbonyl. 

69. A compound of claim 68 wherein R'~ is n-butyl or ethyl and R .s 

benzyl. 

70. A compound of claim 68 wherein R'" is n-butyl or ethyl and R"^ Is tert- 

butyloxycarbonyl. 

71. A process for preparing a compound of the formula Z, 

OH 



15 



20 



25 




10 comprising: 

a) reacting R-(+)-2-hydroxy-propionamide with triethyloxonium 

tetrafluoroborate In a reaction inert solvent for 10 minutes to 24 hours at 0 oQ to 
ambient temperature to form the con-esponding imidate; 

b) reacting said corresponding imidate with anhydrous ammonia in a 
reaction inert solvent for 2 hours to 24 hour, at 0 »C to ambient temperature to fomi 
R-(+)-2-hydroxy-propionamidine hydrochloride; and 

c) reacting said R-(+)-2-hydroxy-propionamidine hydrochloride with ethyl 
3-hydroxy-acrylate sodium salt and a suitable base in a reaction inert solvent to fomi 

said compound of fomnula Z. 

72. A phannaceutical composition comprising a compound of claim 1 . a 
prodrug thereof or a phamiaceutically acceptable salt of said prodrug or said 
compound, and a glycogen phospho^rlase inhibitor (GPI). a prodrug of said GPl or a 
pharmaceutically acceptable salt of said GPI or said prodrug. 

73 A method of treating or preventing diabetic complications in a mammal 
comprising administering to said mammal a pham^ceutical composition of dalm 181. 

74. A method of treating diabetic complications in a nrammal compnsing 
adminstering to said mammal a compound of claim 1. a prodrug thereof or a 
phamiaceutically acceptable salt of said compound or said prodrug and a glycogen 
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phosphorylase inhibitor (GPI). a prodrug of said GPI or a pharmaceutically acceptable 
salt of said GPI or said prodrug. 

75. A method of treating diat>etes in a nnammal comprising administering 
to said mammal a compound of claim 1 , a prodrug thereof or a pharmaceutically 
5 acceptable salt of said compound or said prodrug and a glycogen phosphorylase 
inhibitor (GPI), a prodrug of said GPI or a phamiaceutically acceptable salt of said GPI 
or said prodrug. 
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